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AsTi I. — History tf the Origin of Mr Watfi Improvemenls on 
i/t€ Steam-Engine. Contained in a letter from the late James 
Watt, Esq. LL. D. F. II. S. Loud, and Edin. Member of tlie 
National Institute of France, and of the Batavian Society of 
Rotterdam, to David Brewster, L.L. D. F. R. S. he. * 
Dead Sir, 
j\.T your request, I have carefully perused my late excellent 
fi^eod Dr Robison's articles " Steam" and " Steam-En^ nes," 
in the Encyclopsedia Britannica, and have mode remarks upon 
them in such places where, eitlier from the want of proper infoi^ 
mation, or from too great a reliance on the powera of his extra- 
ordinary memory, at a period when it probably had been weak- 
ened by a long state of acute pain, and by the remedies to which 
be was obhged to have recourse, he had been led into mistakes 
in regard to &cts, and also in some places where his deductions 
have appeared to me to be erroneous- 
There had been but very little interchange of letters between 
us for Bome years previous to his writing those articles, and our 
opportunities of meeting had been rare, and of short duration, 
and not occupied by philosophical discussions. Had I been ap- 

• This lelWr, which lias not yet been publbhed, wna wrltttn under drcmn- 
■tuiKi U'bich will be stated ia a subsequent memoir of tbe life of Mr Watt, ind It 
cannot fiiU to be regEirdcd as iin interesting documenl in the hlEtury of his brillicUit 
inTentions. It was composed as ar inlroduciion to the accouot of the Steam En- 
gine, which funns part of Dr Robison's System of Mechanical Phlloaophy, now in 
the press ; and as it will be necessary to refer to il from our Acconnt of Mr Watt's 
Life, we have gratified our renders with the entire letter, by the perraisaion of bi> 
MU. the present James Watt, Esq. of Ho&tbfield, and of Dc Brewster, to whom it 
mu sddreucd,— En. 
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St Mr Walt on the Origin of his ImprovemenH 

prised of his design, I might at least have prevented the erroTt 
respecting the facts In which I was concerned ; but, upon the 
whole, It is more surprising to me that his recollection should 
hove sensed him so well in narrating transactions of thirty years 
standing, than that it should sometimes have led him astray. If 
I had not retained some memonuiduins made at the time of, or 
soon after, their occurrence, I should myself have felt greet difl 
Gculty in recalling to nund the particulars at the period when I 
first perused those articles, which was some time after their pub- 
lication. I had about that period an opportunity of personally 
stating to Dr Robison some remarks upon them, of which be 
availed himself to a small extent in tlie Supplement to the En- 
cyclopeedia Britanniea, ancl probably would have done so stilt 
more, had he been called upon to remould these articles. 

I have endeavoured to throw most of my corrections into the 
form of notes ; but in some places I judged it necessary to ^tei 
the text ; which alterations I have marked to be printed in It^ 
lies, that tliey may be readily distinguished from the original. 
In a few places I have cancelled part of the text without any 
substitution, none appearing to me to be required. In otherBlE 
have left part of the reasoning unaltered which I did not concur 
in ; as in mere matters of opinion, where no maiufcst error waa 
involved, I did not conceive it proper to introduce my own q»> 
culations. 

As the subjects of Steam, and S team-Engines, had been J- 
moBt dismissed from my mind for many years previous to my 
undertaking this revision, I have called in the aid of my Mend 
BTr John Southern, and of my son, whose dmly avocations in 
the manufacture of steam-engines, render them more conversant 
with some points, to direct my attention to them ; and of the 
fbrmer, to examine such of the algebraic formulfe as appeared 
essential, an ofBce for which he is much better qualified than 
myself; and he has accordingly marked those formulse with hi» 
initials. 

I have not attempted to render Dr Robison's memrar a conil- 
plete history of the Steam-Engine ; nor have I even ^ven a (fc* 
taiUed account of my own improvements upon it The former 
would have been an undertaking beyond my present powers* 
and tlie latter must much have csceede<l the limits of a com- 
mentary upon my friend's work. I have therefore confined my- 




upon the Sleam-Engme. 
'mUf to correcting such parts as appeared necessflry, and to add- 
ibig such matter as he had not an opportunity of knowing, 
' Here it was my intention to have closed this letter ; but the 
representations of friends, whose opijiions I highly value, induce 
<(De to avail myself of this opj^rartunity of noticing an error into 
• nliich not only Dr Bobison, but apparently aJso Dr Black, has 
Lfallen, in relation to the orig-ln of my improvements upon the 
t Steain-En^nc, and whiuh not havbg been publicly controvert- 
■ ed by mo, has, I am informed, been adopted by almost every 
I subsequent writer upon the subject of Latent Heat. 

Dr Robison, in the article Steam-Engine, after passing an 
i^mumiium upon me, dictated by the partiaJity of friendship, 
qualities me as the " pupil and intimate friend of Dr Black ;" 
a description which, not being there accompanied with any infe- 
' tence, did not pai-ticularly strike me at the time of its first peru-r 
[ eal. He afterwards, in tbe dedication to me of his edition of 
lj)r back's Lectures upon Chemistiy, goes the length of sup^ 
posing me to have professed to owe nay improvements upon the 
Steam-Engine to die instructions and information I had recciv- 
i ed from thai gentleman, which certainly was a misapprehension, 
I 8S, though I have always felt and acknowledged my obligations 
rto him for the information I had recrivcd from his conversation, 
I and particularly for the knowledge of the doctrine of Latent 
I Best, I never did, nor couM, consider my improvements as ori- 
I jpnating in those communications. He is also mistaken in his 
I assertion, p. 8. of tbe Preface to the above work, that " T had 
: attended two courses of the Doctor's Lectures*;" for, unfor- 
tunately for me, the necessary avocations of my business pre- 
Tmted me from attending bis or any other lectures at College ; 
and as Dr Robison was himself absent from Scotland for four 
years at the period referred to, he must have been misled by 
.emneous information. In page 184 of tlic Lectures, Dr Black 
says, " I have the pleasure of thinking that the knowledge we 
Stave acquired concerning the nature of elastic vapours, in con- 
Nequence of my fortunate observation of what happens in its 
.ation and condensation, has contributed in no inconader- 
ible degree to the public good, by suggesting to my friend Mr 

ill ilctnil, u-ith IliD tama cri-miuuiii in&rcnccBi in bi^ note. 
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Watt of Birmingham, then of Glasgow, his improrecaeitt CD 
this useful engine," (meaning the steam-engine, of which he I* 
then speaking). There can be no doubt, from what follows k 
his description of the engine, and from the very honourable men- 
tion which he has made of me in various parts of bis Lecturo^ 
that be did not mean to lessen any merit tliat might attach to 
me as an inventor ; but, on. the contrary, he always was dispos- 
ed to give me fully as much pnuse as I deserved. And were 
that otherwise doubtful, it would, I think, be evident from tit 
following cjuotation from a letter of bis to me, dated 13th Fe- 
bruary 1783, where, speaking of an intended publication hy a 
friend of mine on subjects connected willi the history of steam, 
he says, " I think it is very proper for you to pve him a short 
account of your discoveries and speculations, and partUvlarli/ 
to assert clearly andfvUy your sole right to the }ionour of the 
improvements of t/te Stcam-Engine ,■" and in a written te^tiino- 
nial which be very kindly gave on the occasion of a trial at law 
against a piracy of my invention, in 1796-7, after giving a short 
account of the invention, he adds, " Mr Watt was the sole in- 
ventor of t?ie capital improvement and contrivance above nun- 
tUmedr Under tliis conviction of bis candour and fricnd^iip, 
it is very painful to me to controvert any assertion or opinion of 
my revered friend ; yet in the present case I find it necessarj 
to say, that he appears to nne to have fallen into an error, audi 
hope, in addition to my assertion, to make tliat appear hy the 
sliort history I have given, of my invention in my notes upon 
Dr Robison's essay, as well as by the following account of die 
«tat€ of my knowledge previous to my receiving any explan*- 
tion of the doctrine of Latent Heat, and also from that of tbe 
iacts wliich principally guided me in the invention. 

It was known very long before my time, that steam was cor 
denscd by coming into contact with cold bodies, and that it com" 
niunicated heat to them. Witness the common still, 5;c. &c. 

It was known by some experiments of Dr CuUen, and othen, 
that water and other hquids boiled in vacuo at very low heats; 
■water l»«1- 100°. 

X 'I some philosophers, that the capacity or equi- 

libl wc then called it, was much smaller in 

tun water. 
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It was also known, that evaporation caused the cocJing of ths 
evaporating liquid, and bodies in contact with it. 

I had myself made experiments to determine the following 
|facts. 

. \st. The capacities for heat of iron, copper, and some sorts of 
wood, comparatively with water. Similar experiments had also 
subsequently been made by Dr Irvine, oa these and otlier ma. 
'tals. 

9d, The bulk of steam was compared with tlial of water. 

Sd, The quantity of water which could be evaporated in a 
certain bcriler by a pound of coals. 

4iA, The elasticities of steam at various temperatures greater 
^lan that of boiling water, and an approximation to the law 
, which it followed at other temperatures. 

I Bih, How much water, in tlie form of steam, was required 
every stroke by a small Newcomen's engine, with a wooden cy- 
linder ^ inches diameter, and twelve inches long in the 
ftroke. 

Gift, I had measured the quantity of cold water required in 
every stroke to condense tlie steam in that cylinder, so as to ^ve 
: it a working power of about 7 lb. on the inch. 

Here I was at a loss to understand how so much cold water 
could be heated so much by so small a quantity in the form of 
steam, and applied to Dr Black, and then first understood what 
vas called Latent Heat 

But this theory, though useful in determining tlie quantity of 
liojection necessary where die quantity of water evaporated by 
Ihe boiler, and used by the cylinder, was known, and in deter- 
jtniiung, by the quantity and heat of the hot water emitted by 
jKewcomen's engines, the quantity of steam required to work 
them, did not lead to the improvements I afterwards mmle in 
Ithe en^ne. These improvements proceeded upon the old-esta- 
Ibtished fact, tliat steam was condensed by the contact of cold 
[bodies, and die later known one, that water boiled in vacuo at 
^eats below 100°, and consequendy that a vacuum could not 
IIk obtained unless the cylinder and its contents were cooled eve- 
\t^ stroke to below tliat heat. 

I These, and the degree of knowledge I possessed of the elas- 
^tiei of steam at various heats, were the principal things it was 
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neceisary for me to con«<ler iq contiiving the new engine. 
They pointed out that, to avoid useless condensation, the vessel 
in which the steam acted upon tlie piston ought always to be as 
hot as the steam itself; that to obtain a proper degree of ex- 
haustion, the steam must be condensed in a separate vend, 
which might be cooled to as low a degree as was necessary, with- 
out affecting the cylinder ; and that as the sat and condensed 
water could not be blown out by the steam as in Newcomen''s, 
they must he extracted by a pump, or some other contnvance; 
that, in order to prevent the necessity of ufang water to keep the 
piston mr-tight, and also to prevent the air from coohng the cy- 
linder during the descent of the piston, it was necessary to em- 
ploy steam to act upon the piston in place of the atmosphere. 
Lastly, to prevent the cylinder from being cooled by the extei^ 
nal air, it was proper to inclose it in a case containing steam, 
and again to inclose that in a case of wood, or of some other 
substance which transmitted heat slowly. 

Although Dr Black's theory of latent heat did not suffgeti 
my improvements on the steam-engine, yet the knowledge upon 
Various subjects which he was pleased to communicate to ib^ 
and the correct modes of reasoning, and of making experiments, 
of which he set me the example, certainly conduced very much 
to facilitate the progress of my inventions ; and I still remem- 
ber witli respect and gratitude the notice he was pleased to take 
of me when I very little merited it, and which continueil through- 
out his life. 

To Dr Robison I am also bound to acknowledge my obliga- 
tions for very much information and occasional assistance in my 
pursoitB, and above all, for his friendship, which ended only 
with bis life ; a friendship which induced him, when I was be- 
eet with an host of foes, to come to London in the depth of 
winter, and appear as a witness for me in a court of justice, 
whilst labouring under an excessively painful di.wrder, which 
ultimately deprived him of life. To the rcincmbrance of that 
fiiendship is principally owing my taking upon myself the office 
of his commentator at my advance! age. 

Me ' Sir, that you and the public will permit that 

Hge tt or any errors I may have committed, and 

fiw a the performance of an office which at no 
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TOuld have been congenial to my habits ; and allow me 
lo ntiiiiun with esteem, Dear Sir, your most obedient humble ser- 

I vant, James Watt. 

II 

I HSATHFIELD, Ma^ 1814. 

I 

^ Art, J\.— Account i^f some remarkalle Ripples, observed iicar 
(A« vorthcm entrance of the Si raits of Malacca. Commu- 
nicated by the Author *. 

J.N bis Majesty's ship Minden, in 1814, a number of angular 
Hippies were observed between the north end of Sumatra and 
the Nicobar Islands; and also between that line and Pulo 
Penang, or Prince of Wales' Island. None of these islands, 
t however, were in sight; and there were no soundings. 

These ripples varied from two to five Hules In length, and 
I iiom two to foiu- hundred yards in breadth: their direction was 
I nearly north and south ; they were always first descried in the 
1 HEst, or south-west; from that quarter they approached and 
,' passed the ship, and then went off to the east or nortli-east. In 
tl^MT general appearance they resembled the waves of the sea 
I fanaking on a shallow sandy shore. The waves forming tlie 
I i^^Ie, did not tumble against one another irregularly, but 
curled and broke in the direction towards which the whole 
ripple was advantnng. When the sea breaks on a sandy beach, 
I and forms what is called Surf, the waves stretch along parallel 
Ij to the shore, and when they break, roll in upon it, one after 
the other; but in these ripples, the waves were not so continu- 
ous, and, when they broke, the water, instead of rolling along 
like siu^j splashed up perpendicularly to a considerable height. 
I Some of the ripples were very gentle, so that the Burfoce oi 

the sea was scarcely whitened by them, their approach being 
indicated only by a faint noise. Others were heard several 
miles off, and advanced towards the ship, boiling and foaming 

' Although Ihi^ paper ia nnonrmom, yet ^e nre well ocqunintcd »ilh the abk 
oulhar o( ii, who, for rensons of his own, withholds his ntane trom the public 

We mention (his, fbr the purpose of informing our Correipondenls, Ihat no com- 
muiiicalianB ore admissible unleei we know the name of their author ; and of re- 
questing IbDse who have aenl us communicatiam of Lhli kind, to favour lu 

«ilh their names. — Ed. 
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in an extraordinary manner. Some of them not only dashed 
the water many feet up the side, but actually shook tlie ship in 
a very sensible degree. 

As we approached the line joining the north end of Sumatra 
and the Nicobar Islands, the ripples became more frequent and 
more violent. During the 5th of September, one passed the ship 
about every quarter of an hour The wind at this time was 
between north-east and east, very light and variable, and some- 
times calm ; which rendered the effect of these ripples during the 
stillness of the night not a little striking. At first, a low hollow 
aound was heard, like that caused by a surf on a distant coast : 
it gradually became louder and louder ; till at length a long 
foaming streak was discovered advandng rapidly towards the ship, 
which it soon surrounded, and then all was noise and commo- 
tion. This lasted for a few minutes, when the ripple moved \ 
past to the north-east, its sound becoming fainter and fainter ^ 
and it often occurred, that just as one ceased to be heard^ aiM»» 
ther was perceived, and so on during all the night. Notwitlw^ 
standing our distance from the shore, it was imposdble to b&''~ 
without some alarm at first, when thus completely surround- 
ed by breakers, habitually associated in the minds of sailors 
with the most formidable of all dangers. 

During one evening the following curious phenomenon was 
observed. Whenever the ship entered one of the ripples, the 
wind immediately freshened, and at the same time changed its 
Upparent direction ; but, upon quitting the ripple, the wind in- 
variably resumed its original velodty and direction. 

Before suggesting any theory to account for this circum- 
stance. It is right to state the facts precisely. The wind, which 
was very Ught, was blowing from north-east by north, (nearly 
N. 84^ E.) The ship's head was west south-west, (W. 22 J S.), sa 
that her course formed with the wind an angle of 146°. The rate 
of sailing was one mile and a half in the hour. When the ship 
entered the ripple, the wind invariably changed to north ; or, to 
speak more correctly, the vane, which before stood nortli-east 
by north- v now turned to north, so as to form an angle of 
only 11 ^ourse. At the same moment, an obvious, 

increase of the wind took place. On getting in-, 

to smcx tlic vane returned to north-east by 

l\orth, a ntly lulled. 
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phenomenon may be accounted for in two ways ; cither 
Dy supposing that there actually was a change in the force and 
direction of the wind incident to the ripples alone, or else that 
there was a local current which belonged to them, and not to 
I the contiguous sea. It seems less difficult to conceive the last 
supposition ; which we are farther led to adopt, from having dis- 
covered, by means of chronometers, and good meridian alti- 
tudes of tile sun and stars, that the ship, during the day, had 
actually been set to the north-west by west, (N. 66 W.) at 
the rate of nearly one mile an Iiour, strictly 0.79 oF a mile *. 
A reference to the figure, PlatP I. Fig. 1,, will shew how a current 
in that direction would account for the fatts. Let the shaded 
space FG be the ripple, AB the ship's course (west south-west,) 
before entering it, and II the direction of the wind. On enter- 
ing the ripple at B, suppose the influence of the current to 
conmience, then the ship's true course, or the path she actually 
takes, will be the (^agonal of the parallelogram of which the 
ship's apparent course and rate of sailing furnish one side, say 
W. S. W. 1.88 (BC), and tJie temporary current N. W. b. W. 
6.84 (CD) another ; then the true course, while in tlie ripple, 
will be W. N. W. 8, (BD) f ; DE, the course after quitting 
it, as before, W. S. W. Now, it is cicaf, that if a ship s^- 
ing in the direction AB with the wind H, is suddenly car- 
ried out of her course in the direction BD, an apparent al- 
teration in the wind must take place. The degree of this 
change will depend upon the relative velocities of the wind 
and the current. If the velocity of the wind in both cases 
could be exactly determined, together with the change in tlie 
angle of its direction, a means of ascertiuning the force and di- 
rection of the current would be afforded. The experiment, in- 
deed, would require much care and nicety ; but as the result 
might lead to the most important conclusions in the very ob. 
Ecure subject of currents, it is greatly to be deared that naviga^ 
tors would permit no opportunity to pass, without endeavourjpg 
to furnish more accurate observations. 

" The accurate Captnin llorsliurgli, in describing these ripples, soyn, that they 
■K not always sfcompsnied l>y currents 

le numbers, I.HS, &c. serve mere); to eipresa the lupposed ratio of the v»> 
X the two foica acting 00 eheship, and thfttof theiewjllanloi WinjcrMtw,. 
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It is worthy of remark, tliat nhile the ripples proceeded past 
the ship in a north-easterly direction, the ship was ascertained 
to have been aet by a current to the Qorth>westward. la the 
above account it is suggested, that the current was uuddent to 
the ripples alune; but future observers, furnished with good 
chronometers, would do well to ascertain whether this be the 
case or not. The rate at nliich the ripples themselves proceed^ 
and their direction, ought also to he carefully observed. 

Dr Wollaston, upon seeing the above statement, suggested, 
that the ripples might possibly be caused by the meeting of 
great wares coming from diSerent oceans. In the cose descnb- 
ed, such waves may be supposed to have come from the Bay of 
Bengal, or the northern parts of the Indian Ocean on the odb 
hand, and from the southern Indian Ocean on the other. Tlus 
hypothec is at least extremely ingenious, and worthy of the at>- 
tentive consideration of navigators, who may have opportutd- 
Ues of re-examining these interesting phenomena. 

Vega. 



Art. III.— On the Cohtir of the Greenland Sea.— By 
ScoaESBYjrwn., F. R. S. E. and M. W. S *. 

I HE colour of the Greenland Sea varies from ultramarina 
blue to olive green, and from the most pure transparency to 
great opacity. These appearances are not tranatory, but 
permanent ; not depending on the slate of the weather, but on 
the quality of the water. Hudson, when he viated this quar- 
ter in the year 1607, noticed the changes in the colour of the 
sea, and made tlie observatjon, that the sea was blue where 
there was ice, and green where it was most open. This circuio- 
stancc, however, was merely accidental. Captain Phipps does 
not appear to have met with any of the green water, T1d» 
kind of water occurs in conaderable quantity, forming, perlu^p^ 
one-fourth part of the surface of the Greenland Sea, between 
the parallels of 74° and 80". It ia Hahle to alterations in its pt>. 
Mtion, from ' * 'n of the current ; but still it is always re- 
newed, nc itions, from year to year. Often it 
constitutes streams, lying north and south, or 

* Extracie le nulhor, froni Mb Actou*! of Ike Arctic Ste, 
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norlh-cast and south-west; but of very variable dimensons: soma. 
timea, I have seen it extend two or three degrees of latitude in 
Imgth, and from a few miles, to ten or fifteen leagues m breadth. 
It occurs very commonly about the meridian of London, in 
high latitudes. In the year 1817, the sea waa found to be of a 
blue colour, and transparent, all the way from 12° east, in the 
parallel of 74* or 75% to the longitude of 0° 12* east, in the 
same parallel. It then became green, and less transparent. 
The colour was nearly grass-green, with a shade of black. 
Sometimes the transition between the green and blue water is 
progressive, passing through the intermediate shades in the space 
of three or four leagues ; at others, it is eo sudden, that the line 
of separation is seen like tlie rippling of a current; and the 
two qualities of the water keep apparently as distinct as the wa- 
ters of a large muddy river, on first entering the sea. In 1817, 
1 fell in with such narrow stripes of various coloured water, that 
we passed streams of pale green, ohve green, and transparent 
blue, in the course of ten minutes soling. 

The food of the whale occurs chiefly in the green coloured 
water ; it therefore ailbrds whales in greater numbers than any 
other quality of the sea, and is constantly sought after by the 
fibers. Besides, whales are more easily taken in it, than in 
blue water, on account of its great obscurity preventing the 
whales from se^ng distinctly tJie approach of their enemies. 

Nothing particular bebg observed in this kind of water, 
suffiaent to give it the remarkable colour it assumes, I at fir.st 
imagined that this appearance was derived from the nature of 
die bottom of the sea. But on observing that the water was 
very imperfectly transparent, insomuch that tongues of ice, 
two or three fathoms under water, could scarcely be discerned, 
and were sometimes inviwbie, and tliat the ice floating in the 
(^ve-gi-een sea was often marked almut the edges with an 
orange-yeUow stain, I was convinced that it must be occasioned 
by some yellow substance held in suspension by the water, cap- 
able of discolouiing die ice, and of so combining with the natu- 
ral blue of the sea, as to produce the peculiar tinge observed. 

For the purpose of ascertaining the nature of the colouring 
substance, and submitting it to a future analyas, I procured a 
quantity of snow from a piece of ice that had been washed by 
ihe sea, and was greatly discoloured t)y the depoduou oC ^cnat 
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peculiar substaDce upon it. A little of this sdow, dlsscdvecl i 
a wine glass, appeared perfectly nebulous ; the wat£r b< 
found to contjun a great number of scmi-.transparent epher 
substances, with otbcrs resembling small portions oi fine biw 
On examining these substances with a compound microscope 
waa enabled to make the following observations. 

The semi-transparent globules appeared to con^ of an at 
inal of tlie medusa kind. It was from ]-20th to l-30tb of a 
inch in diameter. Its surface was marked with twelve 
jpAtches or nebuls, of dots of a brownish colour ; these dot 
diBpo§ed in purs, four piurs, or axteen pairs altemati 
iy, composing one nebula. The body of the medusa v) 
transparent. When the water containing tliese animals wi 
Iieated, it emitted a very strong odour, in some respects resen 
bling the smell of oysters, when thrown on hot coals, but muc 
more offensive. The fibrous or hair-hke substances, were moi 
easily examined, being of a darker colour. They varied t 
length from a point to one-tenth of an inch ; and when highl 
magnified, were found to he beautifully munilifonn. In ths 
longest specimens, the number of bead-like articulations wa 
about thirty ; hence tlieir diameter appeared to be about tb 
1-^OOth part of an inch. Some of these substances seemed ti 
vary their appearance ; but whetlier they were Uviog animali 
and possessed of locomotion, I could not ascertain. From od 
of the larger specimens I observed some fine collateral fibres^ 
They possessed the property of decomposing light ; and, 
Eome cases, ^owed all tlie colours of the spectrum very distinct 
ly. The size of the articulations seemed equal in all, the diffb 
rence in length bang occasioned by a difference in the numbe 
of articulations. The whole substance had an appearance verjj 
Ktnilar to the horns or antennce of shrimps, fragments of which, 
they might possibly be, as the squillte are very abundant in th^ 
Greenland Sea. ^ 

I afterwards examined the different qualities of sea-water,^ 
and found these substances very abundant in that of an olivek,', 
green colour ; and also occurring, but in less quantity, in the, 
bluish-green water. The number of medusce in the olive-greett 
sea was found to be immense. They were about one-fourth of^ 
an inch asunder. In this proportion, a cubic inch of water 
must contMH 6^; a cutac foot 110,598; a cubic fathoai^ 
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S3,887,879 ; and a cubical mile about 23,888,000,000,000,000! 
From soundings made in the situation wliere thetie animals were 
found, it is probable the sea is upwards of a mile in deptli ; but 
whether these substances occupy the whole depth is uncertidn. 
Provided, however, the depth to which tliey extend be but 250 
fathoms, the above immense number of one species may o 
in a space of two miles square. It may ^ve a better concep- 
tion of the amount of medusae in this extent, if we calculate the 
length of time that would be requisite, with a certain number 
of persons, for counting this number. Allowing that one 
person could count a million in seven days, which is barely 
possible, it would have required, that 80,000 persons should 
have started at the creation of the world, to complete the enu- 
meration at the present time ! 

What a stupendous idea this fact ^ves of the immendty of 
creation, and of the bounty of Divine Providence, in furmshing 
such a profusion of life in a region so remote from tlie habita- 
tions of men ! But if the number of animals in a space of two 
miles square be so great, what must be the amount reqiusite for 
the discoloration of tlie sea, through an extent of perhaps 
twenty or thirty thousand square miles ! 

These animals are not without their evident economy, as on 
their existence possibly depends the being of the whole race 
of mysticete, and some other Bpccies of cetaceous animals. 
For, the minute mediisfe apparently afford iiourislimeot to the 
sepise, actinife, cancri, helices, and other genera of Mollusca 
and Aptera, so abundant in the G-recnland Sea, while these latter 
constitute the food of several of the whale tribe inliabiting the 
same region; thus producing a dependent chain of animal 
life, one particular link of which being destroyed, the whole 
must necessarily perish. 

Besides the minute medusae and monilifonn substances, the 
water of the Spitzhergen Sea, taken up in latitude 77° SC, was 
found to contain several species of animalcules. Of these I dis- 
covered three kinds, full of animal life, but invi^ble to the naked 
eye. 

There can be no doubt, I think, after what has been advan- 
ced, that the mcdusse and other minute animals that have been 
(Iwchbed, give the peculiar colour to the sea, wluch is observed 
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to prevail in these parts; and that fix)m their profunon, thqr 
ate, at the same time, the occBsaon of that great diminution 
cf tnmsparency which always accompanies the olive-greeB 
ookmr. For in the blue wat^, where few of the little medusse 
exist, the sea is uncomuKmly transparent. Captain Wood, 
when attempting the discovery of a north-cast passage, in the 
year 1676, sounded near Nova Zembla in 80 fathoms water, 
iriioe the bottom was not only to be seen, but even the shells 
lying cm the ground w^e clearly viinble. 

Never having been m a very high latitude during any part of 
the year when the sun sets, I have never observed whether the 
Greenland Sea possesses the property of shining in the dark. 
There is, however, great reason to believe, that as the luminous- 
ness of the sea is often derived from small animals of the medu- 
sa kind, that the green-coloured water found in the Greenland 
Sea would be strongly phosphorescent. 



Aet. IV. — On Poppy Oil. By John Young, Fellow of the 
Royal College of Surgeons of Edinburgh. 

X HE cultivation of the poj^y to a great extent, for the bene- 
fit of its oil, as an article of food, and for other usefiil purposes, 
has long been carried on in France, Brabant and Germany, and 
more recently in Holland.. 

Although it was long since known that the seed of the poppy, 
and the oil obtained from it, do not possess narcotic properties, 
and that it was baked into cakes, and used as an article of food 
by the ancients, yet there has been much contention respecting 
the propriety of using it. In France, about the be^nning of 
the seventeenth century, the opposition to the general use of 
poppy oil, as an article of food, became so violent, that the 
Lieutenant-General of the Police of Paris ordered the medical 
faculty of that city to make the strictest examination concerning 
this point; and they reported, that as there is nothing nar- 
cotic or J <^" health in the oil, the use of it might be 
permitted 'sion was unsatisfactory ; and popular 
clamours • 'ni; to pass a decree in the year 1718, 
prohibiting py oil, whether mixed or unmixed. 
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The sale of the ardcle, however, was clandestinely encouraged, 
and gradually increased, until the year 17S5, when the court 
issued a severer decree, enjoining the auperiutendants to nux a 
certain quantity of the extract of turpentine with every cast con- 
t^ing 1100 lb. of this oil, of which not less tlion 2000 casks 
were consumed in Paris alone. 

But the secret demand for it increased till the year 1778, 
when a society of agriculture undertook to examine all that bad 
been alleged for and against the general use of this oil. Expe- 
riments were repeated in the presence of the most distingui^ed 
chemists, and the society presented a petition to the Minister of 
Police, setting forth the great advoutages that would accrue, 
both lo commerce and agriculture, hy revering the prohibidon. 
This society again made several experiments in the year 1776, 
and finally confirmed the decree of the faculty in 1717, declar- 
itig that the oil of poppies was not injurious to the health ; that 
it did not contmn a narcotic power, and that it might be recom- 
mended to general use with the utmost safety. Prom that time 
to the present, the cultivation of the poppy has not met with 
any formidable opposition, and has increased to such a degree, 
both in France and Brabant, tliat tliey have been able to export 
a considerable surplus, to tlie great advantage of the husband- 
man as well as the merchant ; and in seasons of scarcity It has 
been found of the most essential service in all cases where the 
use of oil was required. In the northern parts of France, it was 
used by soap-boilers as a substitute for otiier oils, wluch were 
extremely dear ; and in Brabant the oil-cakes are constantly used 
as food for cattle, with obvious benefit. 

It is well known that maw-seed, obtained from a variety of 
the poppy, has long been used in this country for feeding bir^ 
I have a canary that has been fed upon white poppy-seed for 
many months ; and I supphed a person with tills seed who breeds 
canary birds for sale. He ^ves them nothing else to eat, and 
observes that they thrive as well as when fed upon common 
seed. According to Dr Alston *, the poppy seed is used in food 
in some places, as well as the expressed oil, which, he says, is as 
innocent and wholesome as olive oil. And Mr Kerr -f- relates. 
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that the seeds of the poppy are sold in the marketi^ and ve 
tedconed delicious eating ; they are used in pwi^ilignnffy and en- 
ter into the cooling prescriptions of the Hindostaa phyaciana. 
This is corroborated by A, W. Davis * : According to faim, the 
seeds are valuable for the oil they contain ; and, as an artide of 
food, are in great request with the natives ; and when used 
in this way, it is scarcely to be distinguished from olive cil, 
which is often adulterated with it -(-. I have seen large quanti- 
ties of poppy seed exposed for sale in the bazaar of Calcutta. 

We are told by Mr C. A. Fisher, in his Letters written du- 
ring a journey to Montpellier, in the year 1804, that the col of 
Provence, which, on account of its purity, mildness, and fine 
flavour, is famous all over Europe, is exported to Italy in large 
quantities, and was formerly exported to many distant countries; 
but since the hard winters of 1789 and the following years, so 
many olive trees have been frozen, and, during the revolution^ 
so few planted, that Aix (which was the principal seat of its 
traffic) has now entirely lost its first and most lucrative branch 
of commerce. 

Two inferences may be drawn from the preceding observa- 
tion% Our best oils, though imported from Italy, are probaMy 
of the growth of Provence, and it is still more probable that the 
inferior sorts could not be afforded, even at the present pricey 
without a large mixture of the poppy oil. 

It is generally admitted, that certain crops sown according to 
the drill system, come to greater perfection than when sown in 
the broad-cast way. That this is the case with the poppy, will 
appear from the following statement. 

In cultivating the poppy for opiiun, I sowed it in three diffe- 
rent ways. 

The first broad-cast, upon beds three feet wide, with an alley 
between^ and thinned out to the distance of four and five indies. 

The second on beds three feet wide, in rows, six rows to a 
bed, and six inches between the plants. 

The third on the spaces between rows of early potatoes four 
feet wide. Two rows of poppies on each space ; twelve inches 



* TranaactiotiB of the Society ofArtSf vol. zvi. p, 275. 

f aeet*s Cyckp^tdioy voU zxt. art. Oil of Poppy Secdor Fink OiU 
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between-the rows of poppies, and eight indies between the pop- 
py plants : Three feet between each double row of poppies oc- 
cu|ned by one row of early potatoes. 

The first produced only one capsule, the second two, and the 
third produced, upon an average, four full-grown capsules; 
some of the last had seven or eight capsules. 

The seed of the poppy comes to maturity after the extraction 
of the opium. And when it is considered that it yields more 
than a third part of its weight of oil, and that a crop of early 
potatoes, equal to 3G bolls per acre, can be raised by the same 
cultiure upon tlie same space of ground, with a crop of opium 
equal to 56 lb., there is scarcely any plan that can be devised 
which would prove equally profitable to the cultivator, or more 
bcneiidal to the community. 

One acre of poppies cultivated in wide drills, as I have al- 
ready described, will produce, in a good season, 1000 lb. of 
seed, which will give by expression 375 lb. of oil. 

After the opium harvest is over, the seeds wUI be ready for 

gathering about die end of August. This is to be done by 

drawing the entire plants out of the ground, binding a sufficient 

number together, and placing them agmnat each other, in the 

manner of com-sheaves, and letting the whole remain in the 

'field, a few days, iintil they are perfectly dry ; then laying the 

aheaves upon a large cloth, bruise tlie capsules and shake out 

tile seed, which is afterwards to be passed tlirough a sieve of a 

proper size. 

I It is advisable to extract the oil as soon afiter the harvest as 

i possible, as the seeds will yield a larger quantity than when long 

I kept ; besides, when the seed is long kept, tlic oil will neither 

be so good nor so well coloured. It is of the utmost importance 

that mill, press and bags, be perfectly clean and pure. 

The first oil is destined for the use of families; this is cold 
drawn, as any degree of warmth injures the flavour. After as 
much is extracted in this manner as possible, a considerable 
quantity, of inferior quahty, is obtiuned, by heating the cakes, 
and pressing them a second time. 

That which is at first expres.sed is of a pale colour; is pecu- 
liarly bland and soft ; has a flavour approaching that of the al- 
mond oil ; it is used for salads and other domestic purposes, 
dther alone or mised with olive oil. Should tKc \o.Ucv W 'eXa^*^ 

\^^^--z ■__ 
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or rtntcid, it viill be considerably improred hy a mixture of |^| 

tent poppy oil. ^H 

The oil expressed must remain for five or six veeks be&»«il 
is used, that it may deposit in a sediment a kind of miJky sub- 
stance that is mixed with it. It must then be poured into ai»> 
ther vessel, aiid this should not be perfectly closed at first, hot 
the opening be covered with a hiien cloth or a pricked bladder, 
that certain exhalations may pass ; uor should the oil be imrae- 
diately used after the process is fiiudied, as it continues to im- 
'prave for a cou^derable length of time. 

Holland was supplied with this oil for a considerable time fma 
France. It was sold there under the nnine of olive oil, or mix- 
ed with it in considerable abundance ; and it is believed that a 
great projjortion of the olive oil used in this country is mixed 
with poppy oil. 

The second drawn oils are of a deeper colour, and arc appli- 
cable to all the purposes of the more common tnls ; and artiats 
^ve a preference to the finer sort of it as a drying oil. It pre- 
serves the colour of some kinds of point better than the other 
■ drying oils, and is free from their disagreeable smelL 

Dr Ci^an • states, that in the year 1799 the poppy was cul- 
i^tivated in Holland solely for its oil and oil cakes, wluch )rielded 
a profit of about L. 8 Sterling per acre, after paying expences. 
The oil of the first quality at that lime being valued at Ss. 6d. 
and the second at 5s. per gallon. But when it is considered 
that the poppy is proposed to be cultivated in this country itir a 
more valuable puqjose than for its oJl only, the additional ex- 
pence of collecting the seeds, and expressing the oil, will bear 
but a small proporUon to that incurred in Holland. For it ap- 
pears that there the expence amounts to more than half the m- 
lue of the whole crop. 

t Estimated value of the produce of one acre, 
S50 lb. oU, cold drawn, at Is. 6d. - - L. 18 16 

125 lb. do. warm. at 6d. - - - S « 6 

£00 oil cakes, at 18s. per 100, - - - - 4 10 





L.26 7 6 




u will give an idea of the pmportion ef 
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^^KUr .r. Young. 

^^^ To Tlios. Davy, Son Si Mends. 

Par expences on 86 lb. Sum. Pap. nib. received fram him for 
presang, producing 

32^ lb of oil. Sent. pap. alb. 
43 lb. cake. 
Viz. Bottle for oil, 3s. 8d. 1 L 7 8 

Proportion of expences up, 4s. J ' ' 

3 lb. at 19s. - - - - 14 7 

■, 23. 6d. Shipfing, Is. - - - 3 6 

L.l 5 9 



Prom this account there appears to have been a loss of 11 lb, 
of the weight. But it is evident the projwrtion of loss would be 
much less when conducted upon a large scale ; and hod the seed 
been more recently collected, the proportion of oil would have 
been iQudi greater. 

Should the oil of superior quality answer the description ^ven 
of it, and be more palatable than the olive oil in common use, 
12s. per gallon may perhaps be too low an estimate. Salad oil 
is at present sold at 2s. 6d. or 3s. per English pint. 



Abt- V.-^Jccount of a new Styk of Engraving on Copper in 
AUo Relievo, invented by W. Lizabs. Drawn up from in- 
formation communicated by the Inventor. 

X HE progress which has been made during tlie last thirty 
years, in tlie Mcchanieal Arts, and in the application of Science 
to the useful purposes of hfc, has been no less remarkable iar 
its rajndity, tlian for the variety and importance of the inven- 
tions by which it has been marked. The history of the Fine 
Arts during the same period, though it does not present us with 
any very splendid achievements, has yet to record some striking 
specimens of their advancement. One of the most important of 
these, is undoubtedly the invention of Lithography ; an art by 
which copies of drawings of all kinds can be multiplied with such 
> d egree of accuracy and facility, as to be a com^Veie s\)\«fi^».\e 
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copper-plate engraving, and, at tlie same time, at sucfaV 

cheap rate, that the ori^nal cast of the slone, and the expeni 

of preparing it, either by a transference of the drawing to " 

multiplied, or by a direct delineation of it upon the stone, 

almost no proportion to the expence of cutting it on copper. 

It is impossible to speak too highly of the great advantages 
tX stone-printing, in those cases to which it Is really applicable ; 
but there is some risk of forming too high an estimate of its 
powers, and we fear that the public expectations are too san- 
guine to be ultimately gratified. 

In all these cases, where the expence of copper-plate engrav- 
very great, compared with the expence of paper, and of 
ing off the impression, whether this difference arises from the 
anaflness of the number of impressions, or from the difScultjr 
of the engraving, the art of lithography is peculiarly valuabi 
But when the suhgect to be engraved is a mere outline, such 
diagrams, the expence of cutting which on copper is very trif 
ling, or when the expence of paper and of taking the impresdoa 
is very great, from the number of impressions to be thrown off, 
then the original cost of the engraving, even if it has much 
work upon it, forms such a small part of the whole expence, 
that it would not be advisable to multiply it by stone printing. 

When we consider that the expence of paper is the same m 
both arts ; and that the method of taking impressions {rom 
stone, is more troublesome and less certain than in taking them 
from copper, we shall have no difficulty in distinguishing the 
particular cases in which we should have recourse to hthography. 

The art of engraving upon wood, though imperfect from the 
very nature of the process, possesses great advantages. If we 
wish to illustrate a subject by a single diagram, we are enabled 
to do it by a wood engraving, which is printed from it along with 
flie types, and which therefore saves all the expence of throwTng 
off the impressions separately, and also the expence of a sepa- 
rate leaf of paper. In many instances this saving amounts to a 
great sum, and the ori^nal expence of the wood engraving is 
«omparative'- ' " "-^f. We have, besides, the great advantage 
pf having " figure adjacent to the description of 

an adv, lose only can appreciate who spend 

luch of tht ? of mathematical and physical works. 
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The new art of engraving upon copper, which Mr Lizars hus 
invented, is a substitute for wood engraving, in the same maa- 
ner as lithography is a substitute for copper-plate engraving ; 
but while Mr Lizars has given us a cheaper art for a more ex- 
pensive one, he lias also given us a more perfect art for one 
which is full of imperfections. The invention of lithography, on 
-the contrary, was the substitution of an imperfect for a. perfect 
art, and whatever progress it may yet make, we can never ex- 
pect it to exhibit that union aS Ixild and delicate touches by 
whicli stroke engraving is characterised. 

In wood engraving, as will be seen from the vignette on tlie 
cover of our Number, all the white parts are cut below the 
general surface of the wood, while all the Uock lines which 
constitute the picture, are left on the level of the general sur- 
face. Hence, it is imjiracticsble to hatch or to leave upon the 
surface of wood elevated lines, which cross each other, with- 
out cutting out tlie small white lozenges, which would be a 
work of enormous labour, and by no means perfect, even if 
it could be accomplished. All the shadings, therefore, in wood 
CTigraviugs, arc formed by parallel lines, which never cross 
one another, as will be seen in the vignette already men- 
tioned. In copper-plate engraving, on the contrary, all the 
black lines are cut below the general surface, while tlie white 
parts correspond with the general surface of the copper. 
The art of hatching is therefore extremely easy in this art, and 
^e have only to cross the lines cut out by the engraver in the 
same manner as we do them in drawing with the pen. 

These observations wdl prepare the reader for understanding 
3tlr Lizars^ invention, and for forming a correct estimate of its 
"Value. 

The following account of it has been kindly communicated to 
tisby himself. 

Ifl the ojjeralion of engraving, the desired effect is produced 
"by making incisions upon the copper-plate witli a steel instrument 
«f an angular shape, which incisions are filled with printing- 
ink, and transferred to the paper by the pressure of a roller, 
which is passed over its surface. There is another mode of pro- 
dudng these lines or incisions by means of diluted nitrous aciq^ 
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which is well known, and in which the impression is taken in the 
same way. The new mode of engraving is done upon a prin- 
ciple exactly the reverse, for instead o( the subject brang cat 
into the copper, it is the interstice between these tines which k 
removed hy diluted acid, (commonly called Atiuafortis,) and the 
lines are left as the surface : from which the impression is takoi, 
by means of a common type printing-/) res5, instead of a copper , 
plate press. ' 

This is effected by drawing with tur|»entine vamisli, cotoured 
with lamp-black, whatever Is required upon the plate, and when 
the varnish is thoroughly dry, the acid is poured upon it, and 
the interstice of course removed by its action upon the uncover- 
ed part of the copper. If the subject is very lull of dark shad- 
ing, this operation will be performed with little risk of accident, 
and with the removal of very litde of the interstice between the 
Bnes ; but if the distance between the lines is great, the risk and 
difficulty is very much increased, and it will be requiate to cut 
away the parts which surround the lines with a graver, in or- 
der to prevent tlic dabber with the printing-ink from reaching 
the bottom, and thus producing a blurred impres^on. It is 
obvious, therefore, that the more the plate is covered with work, 
the less risk will there be in the preparation of it mUi the atnd, 
after the subject is drawn ; and the less trouble will there be 
removing the interstice (if any) from those places where there Wj 
litde shading. 

A great degree of fadlity will be obtjuned by etching out liie; 
first line with the common etching-needle, and afterwards pub- 
ting on the cross line with the varnish ; and by this means thi 
will be much more variety, regularity, and beauty in the elfec^ 
than if the whole had been done with the varnish. 

I have found from experience, that the best mode of proceed, 
ing is to lay an etching-ground upon the copper, as in the ordi- 
nary operation of etching ; to remove the first lines, or rather tn- 
teraticeg, with the needle, and then to put on the cross-lines vrith 
the varnish. Should this cramp tlie freedom of the artist itt 
flome parts, he can easily scrape off the etching-ground, 
draw those — ish. 

Althougl must still be considered in its ra^ 

jEancyi and ^et it is probable that much may 
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be done with it, if proper materials can be found out to work 
with. It possesses every advantage which common engraving 
does, and at the same time all the advantages uf engraving on 
wood ; and, above all, it enables us to procure as many impres- 
^ons as can be taken from tyi>ea *, The greatest difficulty to 
be surmounted, is to obtain a substitute for the varnish, which 
will flow from a pen or pencil like Indian ink ; for as the var- 
nish has a tendency to dry, and get tough in the pencil, the 
operation is by this circumstance very conaderably impeded. 
Other substances than copper may be used ; and experience 
may prove them to be better adapted to the purpose. I have 
tried wood covered with white lead and strong glue, with con- 
nderable success, but not with so much as copper; and it may 
be as well, for the sake of those who may think it worth their 
while to make other trials, to mention, that I have used lead, 
pewter, type-metal, zinc, and brass, all with various success, but 
have still foutul copper superior to tliem all. Mr Sivright of 
MeggetJand, a gentleman well known in this city for bis sden- 
tific acquirements, and to whom, during these experirjients, I 
was much indebted, used with very great success the same kind 
of limestone which is employed in lithography. 

I have also tried various kinds of varnishes, viz. mastic var- 
nish, japan, liquid etching-ground, copal varnish, and spirit var- 
nish, but have found the best to be ccHmnon tiuipendiie varnish, 
■or redn dissolved in turpentine. 
Edinduegh, October 1819, 



Aet. VI. — On the AppUcation of a neze mode of Arialyaia to 
Vie theory and summaiion of certain extensive classes ^ 
Series. By J. F. W. HEnscHLL, Esq. F. R. S., Sec. Com- 
municated by the AutJior. 

X HE first idea of separating the symbols used in analysis, to 
denote the operadons by which one function is derived from 

■ I have not not been able to find out (he numUer of imprestiona which Ijpe* 
Hilt take, but I have been iiifonned that an edilion of 20,000 was printsd from ■ 
Gaelic Tesfamtnl al the Cniversity IVcKs bGrc. and sicreotype plates aftermarit 
cut from the aaiiie Ijres wJlhoul any apparent diminuliun of their sharpneis. 
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another, from those employed to represent quantities themselves, 
and of expres^ng the relations subsisting between operations of 
different kinds, by equations among th^ characteristic letters, 
is due to M. Arbogast ; and however wide and interesting the 
field it lays open to speculation, I am not a^are that it has been 
much cultivated by others. In a late publication *, I have endea- 
voured to shew the elementary simplicity and luminous elegance 
which the use of this method is calculated to introduce in the 
method of differences ; and in a paper printed in the Transac- 
tions of the Royal Society for 1816, have endeavoured to ex- 
tend the method itself to cases not within the contemjdation of 
its inventor, and to make it the basis of what I think may fair- 
ly be termed a new mode of symbolic representation, and one 
possessing peculiar advantages where it can be employed. In 
the following short essay, I might perhaps take for granted the 
fundamental theorem there demonstrated ; but as the original 
proof is unnecessarily complicated, the following one, which is 
much shorter and more simple, will not be irrelevant 

(1.) Lety(eO represent any functionof c*? (where e=2. 71 828. . . .) 
and let us suppose it developed in powers of ^ in the series, 

A^+A^.t + A^. ^«+ &c. 

To determine the coefficient of f^y we have 



/(e')^/{l + (.'-!)} 



2 



=/(l)+-"^ . f 0) + ^'^^ '/" (1) + &c. 
Now, the co-efficient of <* inj^Cl) is 0* x ^ (1). in the second 

ierm^J=} .f (1) it is ^l^Z^x^^^ In the third, 
1 "^ ^ ^ 1 1.2... <r ' 

f (1) 

X T Q • and so on. But the numerators of these fractions are 

respectively the first, second, &c., differences of the x^ powers 
of the natural numbers 0, 1, 2, &c., and denoting these by 

yAO*, A^O^, &c ' o-efficient of f will be 
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{/(i). (f+r (1). T- +/" (i)-i:2 +8'- } ^Txzii 

Now, if we observe that the symbol operated on (0*) is the same 

in every term, and that any expression, such as y (1 + A) is 
only an abbreviated mode of denoting that, when developed in 
powers of A, each power so produced is to be applied imme- 
diately before the power of annexed, with its proper co-e6Sl-. 
i dent, we shall have for the abbreviated expression of the above 
€(>-efficient, A = 

(1)— Thus, provided we have the means of estimating the value 
of/(l + A) 0* we are furnished with that of A,; and vice versAy 
if by any method the value of A^. become known, the value of 

y*(l + A) 0* is given by tlie equation, 

/(I + A) 0^ = 1.2....^ A, (B) 

Now, here it must be remarked, that whatever be the form of^ 
whether algebraic or transcendental, the value of this expression 
^ necessarily limited to a finite number of terms, by reason of 

^e - property of these diflFerences, which gives A** 6* = for 
eveiry value of m greater than x\ so that the series of , which 

/C^ + A) is an abbreviation, necessarily breaks off after a? + 1, 
terms though apparently continued to infinity. 

CS.) The following values of /(I + A) 0* for different forms 
^ the function j^ will be useful to lis hereafter. 

(1 + A)!* = m*> whatever be the value of m (C) 
1 ^«« - 

=(—1) • o„ B 



•0 



2 + A —\^f 2 J, «ja,_,. (E) 

wbwe B, _ is the a;* number of Bemouilli ; 

/ 1 (1 + A)" } 0"=71^X/(1 + A) 0" . (F) 

^hich are immediate consequences of the equation B, if the par^ 
ticular form ofjT be substituted for the general. 
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(4.) Let us now conader the series 

By substituting here for , 1*, ^^ &c. their values derived 
ifom the equation 

we find 

8 = Ao- (1 + A)oO*-H A,. (1 + A) 0* + A^ (1 + A)* 0" + &c. 
or, separating the symbols of operation from those of quantity, 

S=|Aoa + A)o+A,(l + A) + A,(l + A)« + &c.}o" 

= F(1 + A)0*- 
if we suppose that the co-officients A^, Aj, &c. are such that 

F(0 = Ao + Ai ^+A^/«+&c. 
We will exemplify this in a few particular instances. 
(5.) Su{qx)6e we begin with the series 

Here we have 

F (0 = ^ — <* + &c.=| — - 
and therefore 

This, then, is the abbreviated eitpressimi for the sum of the pinv 
posed series, but if we would obtain its numerical value, we 
must reduce this to a limited number dT calculable tenni^ by de^ 

veloping in powers of A, and rejecting all beyond the n**>, 

thus we get 

and if we assign to n particular numerical values, we obtain 
precisely the same results with those long ago found by Euler. 
If we take the series 

which is o ^--^uent occurrence in analysis, our for- 

mula ^ves " terms 



. ii^A$4mimaihn' of certain esrtensive cbmesi^ Series. 9f1 
and to infinity flimpl j, 

_^(1±A) oV 
1^/(1 + A)" ' 

n^ich reduced to a fonn adapted to numerical computation, 
becomes 

• /I i\ a *^ 



1— < (1 — 0' (1—0"-*-' 

(6.) Not, however, to multiply instances, we shall now go on 
to tiie more extensive series, whose general term is 

A^{a + hxyt (af + h'a:f. (af' + h^'ai)'^ 

of which the series, 

1*«< + S*3?^* +8T4« ^2 + &c. 
is a particular instance : but not to encumber ourselves with un- 
necessary symbols, the method being the same for any num- 
ber, we will confine our analyids to two factors in cfadi term. 
If we denote by S the sum of the series, and observe that 

(a' + A'a?)"' = (l + A)«' + *''0*'- 
'wre have 

S=Ao(l+A)«0*x(l + A)'*V +A^(l + A)« + *0* 

X(l+A)*'+*'0*'+&c. 

In mder to separate the symbols of operation from those of 

<^piflntity in this case without confusion, we must resort to the 

.-system of accentuation I have explained in the paper in Philo- 

-eophical Transactions 1816, £^bove alluded to ; thus, applpn^ 

an accent to the latter A, and a corresponding accent to the 

with, which it is to be connected, we mark them as it were fct 

'^ach other, and a temporary separation by way of abbreviation 

or transformation will not be any source of confusion. We 

jiave then 

s=|ao (i+A^a+Ar'+A, (i+Ar+* 

(1 + A')"' "^ *' + &c. |o"0'"' 

^ (1 + A)" (1 + A')-'. F I (1 + A)* (1 + A')*' } 0» 0'"'- 
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(7.) For example, the series 1? 2^ / + 2? 8* ^ + &c. has for 
its sum to infinity 

(1 + A) (I + A')', t «y. 

- 1— <(1 + A)(1+A)'" 

which is reduced to calculable terms by developement in powers 
of A and A% rejecting all those of the former beyond m, and c£ 
the latter beyond n. Its value to jp terms may in like manner 
be readUy expressed. 

Thus in the case of the series 1.2 — S.3 + 3.4 — &c. we find 
I for the value of the above expresaon, the terms multiplied by 
A.A' being the only ones to be retained in the developement ; and 
this is the same result with that afPorded by the usual process, 
though it is obvious that, to arrive by that process, or any gene- 
ral expresi^on, (for arbitrary values of m and n), would be next 
to impracticable. 

(8.) In the Philosophical Transactions for 1814, 1 pointed out, 
(I bdieve for the first time), the pos^bflity of expressing the 
6um of the series 

1 1_ 1 

by nieans of the transcendent ^ and the numbers of Bemouilli 
alone. The following demonstration of this truth will afibrd a 
remarkable instance of the use of the numbers comprised in the 
form A!* 0" , in what concerns the transformation of series. In- 
deed many reasons conspire to reconunend the introduction of 
these numbers into analy^s, in the place of those of BemouillL. 
Simplicity of expression, and facility of transformation, are . al- 
ways to be aimed at, and would be attained in the highest de^ 
gree by this substitution. We ought, too, to add^ that the lat- 
ter numbers are expressible with ease and neatness, in terms of 
the former, an advantage by no means reciprocal. 

The series in question being denoted by S, Euler has proved 

^1 X 1 the co-efficient of /«* in the develope- 

ment of sec t 
Now sec ' ~ "^ \ 7«" ) 4 ^^^9 *PP!y^g our 
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1 «*— 1 

But we have seen that a—- : * = (— 1) f V-^B _ 

to 

(by the transfonnation E) ; and for a?writiiig4r-~l,«<— 8, Sec. 
and substituting in the above expressicm, we obtain for our final 
value of S 

which is the expiiessioa referred to. But the value in (G), mth- 
out any transformation, is at once simpler as a symbolic repre- 
sentation, and easier to reduce into numbers. 
(9.) Let «s now consider the series 

9 («) « Ao. f(0) + A,. /(I) + A,. / (2 «) + &c. 
and endeavour to discover, by direct investigation, all the pos^ 
sible corresponding forms of the coefficients A^, A^, &c and 
the function/(^), which shall render ^ (I) equal to a rational in- 
tegral function of ^, or 

For this purpose we must develope ^ (l) in powers oi I, and the 

co-effident of any indettitninate power, §^'9 bang equated to zero 
with the annexed condition ar> n will furnish the condition 
which resolves the problem. Suppose then 

F (0 = Ao 4- A^t + A, /« + &c. 

and we shdl readily see'that the oo-efficient of i^^ beine the sum 
of those in each of its separate terms, will be 

x|Ao.0* + Ai.l* + A8.8»-f-&c.| 

Now «diis, as we have ahready iseen, is expressed by 
ttjj. F (1 we must have 

+ A)(f = Oi [x>n]. 
There ar< ttisfying this equaticm, 1st, By sup- 
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posing a^ ilself to vanish for every value of x greater than n ; 

9dly, By supposing T" (1 + A)0' to do so ; and, 3d!y, Bv sup. 
poMng the former of these functions to vanish for some value of 
X, as, fur example, the alteniati; o<]d or even, while the latter 
vanishes for the others, (as the even or odd), or any other such 
disposition. The first hypothesis it is not necessary to dwell on, 
OS it givesys a rational integral function of (, and tlierefore the 
value of (p («) is resolvable into several series, whose sums may 
be separately ascertained by (4), which is a particular case of 
this. The second will, on a short examination, appear to be 
contradictory to the previous supposition that F (t) is develop- 
able in po^dtive powers of t ; and there remains only the third 
method of verifying our equation uf condition. 
(10.) Suppose, therefore, we first assume 

a^^_^ = Oi F(1 + A)0" = 0; [x> n]; 
the former g^ves _/(*) = any even function of t (such as cos #^ 
sec (, Sec.) provided only it be developable in powers of i. The 
latter pves F (e*) = (any odd frmction of () + R (0 where R (t) 
represents a rational integral function of i of n dimcnsigiiG, that 
is 

F(t')=+(^)-+(=-') + KW 
or 

P (0-^(0 — ^Q)+R(l«gO 

where 4' (0 denotes an arbitrary function of t. In this case, 
then, we have 

^^ +Raogn-i)o" 

' The former part of this expresaon, as I have elsewhere demon- 
strated, vanishes, whatever be the form (rf* -J- or the value of it, 
and we therefore have 

F (1 + a) 0*'= R (log 1 + ^) 0" 
and therefore 
?(()=(io- ROogl + A)0''+aa- ROogl + i>Ol»-|-&c 
' But if we take 
^^^ R{t)=p^+p,t+....p't* 
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we shall find by our general fonnula (B) 

R (log 1 + A) 0° =Po ; R (log 1 + ^) 0* = 1.2./?a, &c 
wherefore, 

f (^) = floi^o+l-2- ^«i^« ^*+ •••• 1-^ wxa»/?»l*; (H) 

because in this case n must be an even number. 
We may know at once whether any as^gned fonn of F (^) satis- 
fies the above condition, without actually determining the form 
of 4^9 by r^arding the equation 

^ (Q _^ (1)= F (0 -R Cog 

as a fundamental equation for finding -^ and enquiring the 
condition of its possibility, which will appear to be 

F(0 + F(i)=R(logO + R(— logO; (K) 

and if on substitution in the first member it be found that there 
does not result either zero, or an even rational integral function 
of log ^, the form asagned to F is contradictory. If, on the 
other hand, such a function does result, it is satisfactory ^ and 
R (log ™^y immediately be had by taking half this result. * 
(11.) In exactly the same manner, if the even values of A* 

vanish, and the odd ones of F (1 + A) 0*, we have f{i) = any 
function developable in odd positive powers of % ; and 

F(0 = '^(0+^)'(7) + R(iog0, 

which gives for the condition of possibility 

F (0 - F (i)= R (log - R (- log ; (L) 

any odd rational integral function of log ^, the half of which 
being taken, ^ves R (log i) and of course the co-efHcients /?i, 
p,, &c. which found, we have (n being odd in this case) 
>}/(d)=r 1. aj.jpi + 1.2.3. ^3 2^3 + .... 1.2.... wxa^. p^; (M) 

(12.) Other cases, though of less analytical neatness, might 
easily be devised ; but it will sufiice to exemplify these by cme 
instance. Let then 
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and making all t)ie necessary substitutions and reductions we 
have, 

?|{0- ''L{2).a,a'' + «L(2).a,_a("-' + &c. 
where, ji being even, y (a) must be an even function, and the 
last term of $ \i) wiJl be "L (2). «„ ; but if n be odd then^ («) 
muiit be an odd function, and" ^L(2). a, will be the last 
tenn. This is in fact precisely the theorem demonstrated in 
Phil. Trans. 1814. 

Although when tlie series 9t is susceptible of such a sum 
as that under contemplation, the above investigation will inva- 
riably g^ve it ; yet the results it leads to (though no apparent 
error can be detected in the analysis,) are in some cases at va- 
riance with those afforded by other methods, and this indicates 
tlie necesaty of some criterion to distinguish a jiriori whether 
any contradiction is involved in suppo^ng it so susceptible. It 

is easy toasagn forms to y(9), (such for instance as= jV 

which shall be alike susceptible of dcvelopcment in positive and 
negative powers of I, and it is requisite in many cases to take 
into conaderalion the negative dcvel-opcment in order to get the 
true sum. But to enter into any discusaon on tliis very interest- 
ing part of the subject, would far exceed the proper limits of 
the present essay. 
Slough, January 9. 1819. 



Aar. VII. — On the Application of Oars to Steam-Boats. By 
Mr RicHABD Whvtock, Eduiburgh, 

J.T is impossible to observe the motion and the progress of the 
latest constructed of our Steam Boats, without being convinced, 
that the art of navigation by means of such vessels is yet in its 
infancy. The disadvantages attending the present mode of ap- 
plying the power to the water, for the purpose of propelling the 
vessel, seem to be very generally acknowledged ; but no more 
, effectual method has yet been put in practice. 
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The first objection which occurs to the use of wheels tar pro 
pelling the vessel, is, thai there is a great waste of power. The 
wheel, at every point of its carcurafetence but one, is either * 
cending or descending. Eacli of the arms has to be immei 
at a considerable expence of power, and the effect of its applk 
tion to the water, in this direction, would be, to hft the vessd 
out of the water, as much as to push it forwitrd upon the sur- 
fece, were it not that the force necessary to hft another of the 
arms out of the water, is equal to tliat which is required to im- 
merse t]ie former. In other words, the tendency which the de- 
scending arm has to elevate the vessel, is counteracted by the 
operation of the ascending ajm, which tends to depress it. In 
short, the space in which the revolution of the wheel is of any 
use in forwarding the vessel, is verj- small. One-fourth of the 
power, steadily applied in a horizontal direction, would |Ht)dace 
■ greater effects. 

The nest disadvantage attending the use of wheels is, that the 
force is applied lo the water too close to the sides of the vessel. 
it is true, that this is an objection common to all the ^fiFerent 
methods yet put in practice ; but in the case of wheels, esperaaU 
ly as they are generally phiced nearly as far forward as the Sow 
of the vessel, the effect is to bring a current against the head of 
the vessel, which impedes its progress, and occasions an incalcu* 
lable waste of power, 

I am aware, that many plans may be, and have been resorted 
to, in order to obviate the first of these objections, and to sub- 
stitute a direct instead of a circular motion. One of these is ve- 
ly ingenious. It cun^sts of a flat chain passing over two wheels ; 
and upcoi this chfun are riused small boards standing on edge. 
As the chain passes in one direction, the boards are immersed in 
the water, and return in tlie opposite direction out of the water ; 
the two wheels around which they pass being partiallyunder water. 
The whole of the impulse g^ven by these boards from the lower 
part of 6ne wheel to the lower part of tlie other, is direct and 
effectual. Such a plan, of course, is only applicable to smooth 
water, becmi" (^i- force of waves would destroy any slight ap- 

' paratus t '' en long in motion. Itisof far more conse^ 

quence ti 'lod by which the sea could be navi 
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ted with greater safety, at least around tlie sliores of our own 
i^and. 

The second objection which I have stated against tlie use of 
■wheels, is more radical and important than the first, I do not 
know whether it has been taken into consideration, that, by pla- 
cing the wheel or other propelhng apparatus too near tlie side 
of the vessel, a most important advantage has been lost, and a 
principle which ought to have been very obvious, has been over- 
looked or neglected. Not only has a reasting force been invi- 
ted and called into action, but a powerful auxiliary force has 
been allowed to remain unemployed. Although this force, to 
which I refer, has not been called into action in aid of the pro- 
gress of steam-boats, yet the motion of every row-boat, since the 
oar was first invented, has been powerfully accelerated by its 
influence, It must have appeareil strange to every acturate ob- 
server, tliat the rower should be able to exert his strength so ef- 
fectually as he does, when it is considered that he holds in his 
hand the short end of the oar or lever. Instead of having die 
benefit of any of the mechanical forces to assist him, he has llie 
most powerful of these operadng against him. This disadvan- 
tage would long ere now have proscribed the use of tlie oar, and 
occa^oned the substitution of some other instrument, were it 
not that the operation of this force, to which I am about to di- 
rect the attention of the reader, has, aJthough unobserved, the 
effect of overcoming the disadvantage, and of counterbalancing 
the loss of power occasioned by the use of the reversed lever. 

When the rower takes hold of the water by dipping his oar, 
a double effect is produced. There is first a motion communi- 
cated to the boat, equal to what would have been communicated, 
had he taken hold of some fixed object, with the point of his 
oar, and exerted the same strength. But, besides the impetus 
which is given to the boat by the pressure upcui the point under 
the ftdcrum of the lever, technically speaking upon the thanl- 
pin, (and wliich impetus would be nearly the same whether die 
oar took hold of the water, or whether it took hold of a fixed 
object at the same distance from the boat), there is another 
ftirce called into action by the stroke in the K-ater, which would 
not be obtained by resting the point of the oar upon a fixed ob- 
ject. This force is neither more nor less than a current occa- 
c2 
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sioned by tlife stroke of the oar. By this stroke a tnirrent h 
formed in a direction contrary to the motion of tlie boat in th^ 
first instance ; but a necessary cotis^uence of this is, that ano- 
ther current is formed, running in favour of the boat, and in 
-which the boat is placed. Plate I. Fig. 2., will show the di- 
rection of the currents occasioned bv the stroke of an oar on 
each side of a boat. In the first place, The action of the oar 
in the water produces a sort of vacuum a-head of the boat, 
which the head of the boat, as it were, advances to supply. The 
same stroke occasions a current in the water, which turns a-stem 
of the boat, pushes it forward, and- carries it along with it, as 
long as the effect of the stroke continues to occasion toy mo^ 
tion in the water. Unless this way of accounting for the power- 
ful effects of the oar be satisfactory, I humbly conceive, that 
any intelligent correspondent, who can give a better explana- 
tion of the difficulty, will confer a favour on the public 
by so doing. It must appear very strange, that a boat row- 
ed by a single petsoli should so powerfully breast the waves, 
and rush along the watery element, when all the power whteh 
he can employ, at the further extremity of the oar, cannot be 
equal to one-tenth part of the strength exerted. 

If the effect of the current in propelling the boat be so im- 
portaint^ it is certain that this is a power hitherto neglected ia 
navigation by steam ; on the contraryj the power of the current 
has been made one of the greatest obstacles in retarding the 
progress of the vessel, inasmuch as, from the situation in which 
the wjieels are placed, the current is brought right against the 
prow, and has the effect of counteracting, in a great measure, 
the efforts of the labouring engine within, and occasions a need- 
less waste of mechanical force. 

I only intend farther to observe, that it appears to me, that 
the most effectual way to obtain the advantages of the currents 
described, is to have recourse to the rejected oar. And lest any 
one should condemn this paper as too speculative, I shall only 
allude generally to the way in which I believe this could be apt- 
ly and cffe ' )ne ; and reserve the full description of the 
apparatus xasion, or to be offered in some other 
shape, to acting their attention and a^)ital to 
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the iHiprovement of this new and important branch of iiaviga- 
tjon. 

I am aware that tlie power of steam has been applied to tlio 
oar, hut never, so far as I know, with a view to ]>rcKiuce the ef- 
fccta I have described ; bill, on the contrary, fi-uiii the direction 
in which it has been applied to the ■water, it could produce nono 
of these favourable efi'ects ; that is, it was made to take huld of 
the water too near to the side of the vessel, and was t!ius attended 
with the same disadvantages which arise from the use of wheels, 
In the application of die oar, however, to the sleam-I)oat, it 
would be necessary to use it exactly in die way in which it is 
used by tlia rower, and to make it touch the water in the same 
directicoi. An attentive observation of Iiis motions will sug- 
gest the proper application of the power. lie never looks where 
he is to dip Ids oar ; lie never calculates how deep he is to im- 
merse it. Whether the water is rough or smooth, he takes the 
same hold of its surface. If a wave rise and meet the descend- 
ing oar, it dips only so far as to take the proper hold of it. If 
the next stroke fall between two waves, the oar descends so far 
as still to reach the water, and to dip the proper depth. This 
is effected solely by his balancing the oar, so as to reduce its 
waght at die extremity to little more than the specific gravity of 
the water; and he soon learns to adjust this by the pressure of 
his hand dmontoards, at the same time that he makes the pull in 
a horizontal direction. 

It will be evident from this, that the only way in which the 
oar could be used under the power of steam, and applied oq 
any other llian smooth water, would be in the way of having its 
specific gravity adjusted, so as always to take the same hold of 
the water, whether the riang wave met it, or the receding surface 
requ'u^ it to descend to a greater depth. 

An apparatus of the most simple kind would be sufllcient to 
adjust the weight of the oar, so tliat it should always be sunk 
in the water to the depth required. Within the vessel balance- 
w^hts might be used, to reduce the weight of the extremity of 
the oar, as represented in Fig. 3. Plato I. Springs would have the 
same effect, and might be more surely applied. But it is need, 
less to go into the detail of the necessary machinery. All that 
I propose is, to communicate the idea, and to suggest t|ie piiifi 
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aples which, I conceive, liave been overlooked. And I am 
convinced that the wliole apparatus might be made more simpW 
than that which is now in use. 

The advantages which would attend the use of oarB 
be, that they could be singly replaced, even without si 
the machinery. They could be elevated into a perpeacUculac 
position, when it was intended to stop the vessel for a short 
time, and the engine still he allowed to play. And when necessa- 
ry to pass close to ajiother vessel, the same manceuvre could be 
practised. And, finally, when a certain degree of impetus had 
been g^ven to the vessel, such an apjiaratus would not act in the 
way rf counteracting this, the bottom of the vessel being left 
perfectly clear of all incumbrance. I have no he^tatioo in say- 
ing, that were this plan adopted, there would be a most material 
saving of power, and the velocity with which the vessel would 
plough the waves, would exceed, in an inconceivable degree, the 
greatest feats of the kind yet performed. 

Fig. 3. Plate I. reprtsents the balanced oar ; A is a section of 
the side of the I'essel ; B the end of the oar to which the power 
would be appli«l ; C the pivot upon which the oar would turn; 
D the joint of the oar ; E the lever by which the oar wnuld be 
elevated, and its weight adjusted ; F the pulley over which the 
cord would pass, and G the weight by which the oar would bs^ 
balanced. Instead of a weight, a strong spring might be 
ployed, such as is shewn at H, 

Along with the drawings whicli accompany this article, I have 
given a sketcli of a screw, (See Fig. 4. Plate I.), which I con- 
structed five or six years ago, with a view to a trial of its efficacy 
in propelling a vessel. Although I was prevented at that time 
from completing the experiment, enough was ascertained to 
warrant a trial upon a more expensive scale, as so<m as time 
and opportunity should pemnit. The following b the way Mi 
which the screws that I used were constructeil. M 

A cylinder of wood Gj feet long, and 2J inches thiol^i 
was divided by means of a cord in a spiral direction. "Hie 
cord made 3i t'irns in the length of the pole. The sole 
use of tlu' '" show the direction of the spiral Un^ 

until it 1 and pierced with a 

holes, at t two inches bbtween 
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these holes slender rods were fixod at right angles from the 
cylinder. The skeleton of the screw being thus formed, a. 
piece c^ soft twine was fixed to the first of these rods, close to 
die pole, and carried to the second, around which it was made 
to turn once, and then to the third, and in hke manner along 
the whole of tJie rods. Then it was brought back in the same 
Kiaimer in an opposite direction. Bv repealing this process, s 
web was formed from the cylinder to the points of the rods^ 
and ihue the form of the screw which I reckoned best adapted 
for the purpose was obtained. The rods being ten inches 
long, and the cylinder 6^ feet, and the screw consisting of 
8J taniB, the mean angle at which the screw pressed upcw 
die water, was one of 45 degrees. Pitch was then applied, 
to ^ve a solid body to the screw thus formed, and tlie wel» 
«xacdy resembled that of a duck's foot. 

Having obtained the measurement, and the exact shape of a 
boat which lay at one of the lochs in the neighbourhood o£ 
Edinburgh, I had a frame made Ha support two screws, and of 
a shape and size to fit the boat ; because without getting a boat 
made for the purpose, I could not apply one screw alone. As 
BOOB OB the screws were let down into the water, and the boat was 
pushed off by means of the boat-hook, the upright handles, wit'h 
vhi<A the screws were intended to be put in motion, began to 
turn round in the opposite direction ; so that by this alone, the 
way in which they would operate became evident, although it 
was only the intended molaon reversed. When force, however, 
was applied to turn round the handles, the breadth of the 
screws, and their too deep immersion in the water, rendered it 
neeessary to apply a degree of pressure which did not conrast 
with their delicate structure, and tlie bevelled wheels, upon the 
axis of the cyUnder, not having been sufficiently fixed, gave way, 
and parted from the axle, which occasioned the experiment to 
be put ofl^, until they could he properly adjusted and made se- 
cure. Next day, however, I was denied the farther use of 
the boat, and obliged to relinquish all fmrther experiments with 
the same apparatus, as it was made to fit this particular boat 
only. Perhaps this description of the invention and experiment, 
may induce some person in more favourable circumstaiKes la 
give a full trial to this scheme. 
Ebimbuegh, October 1. 1819. 
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,T. VIII. — On Peat. By Joiii« MacCulloch, M. 
M. G- S. Lecturer on Chemistry to the Board of Ordi 
&C. Communicated by the Author. 

OO much has already been written on this interesting 
stance, that it is scarcely posalile at the present day to add any 
thing to the history of its origin, or to the description of its v». 
lious appearances. The natural history of peat has perhaps, on 
the contrary, been occasionaliy rendered somewhat obscure by 
superfluity of discus)''' >□, while its chemical nature has either 
been misapprehended, or involved in mystery, from causes 
which need not here be noticed, but which will be suffidently 
apparent to those who may ha inclined to read all that has been 
written on this subjccL It does not appear difficult to place the 
latter in a more intelligible light, by recurring to a few simply 
principles, "ui whicli some interesting analogies arc also involved ; 
while the former may perhaps also be simplified by a condensa- 
tion and arrangement of the facts which are obvious to the exa- 
mination of all, and which have been more or less accurately 
described by numerous observers. A sketch of the natunl 
Jiistory of this substance is at any rate an indispensable prehi 

L ifisry to the few observations which it is here proposed to 

^ ^§a its chemical nature. 

The concurrence of a certain degree of nioisture, and 
moderate temperature, apjiears necessary to regulate the decom- 
po^tion of vegetables, so as to lead to the formation of peat. 
But tlie first condition admits of great latitude, at, it is formed 
not only under water, but on driuned declivities, in sittmtioDS 
and climates that are subject to a very niodeiate- proportion of 
rain. It is also produced under a great range of temperature ; 
but the observations hitherto recorded, have not enabled us to 
determine at ivhat degree of beat it ceases to l)e generated. It 
is merely known, tliat in wann climates the decomposition of ve- 
getables is so rapid, as to prevent its foiiiiation ; and that, in 
these, It is i fount! only at higli elevations, while, in tli^ 
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The quality of peat varies principally according to tlic difFe- 
rent atuations in which it is formed, as tliese diiFer in the do- 
gree of drainage and of temperature, and in the nature of the 
T^etables wliich they produce. Hence agriculturists have dis- 
tinguished several varieties, which have, however, been sometimes 
also named from differences of texture, at others from differences 
of utuation. The former distinctions )iave been founded either 
on the more or less perfected stale nf the process, or on acddenr 
Uil wrcumstances, which will hereafter be apparent, Tlie whole 
of these varieties may be included in the following divisions : 
namely. Mountain, Marsh, Forest, Lake, and Marine, Peat. To 
these ought to be added transported peat, which, although of 
very partial occurrence in this country, appears to abound in 
Holland, and in other parts of the continent of Europe, 

These several essential varieties occaaonaliy present many in- 
ferior distinctions of quality and aspect, arising either from the 
nature of the plants which have contributed to their formation ; 
frwn the varying extent to which the process has been carried ; 
inxai intermixture of character, dependent on the variable state 
of dmnage or otlier causes, or from the alternation or admix- 
ture of transported earth or of shells. In some instances, even 
la ntuations very different, they approach so nearly in character 
as to be un distinguishable ; and this happens more particularly 
in the peat of lakes and in that of marshes, and in those cases 
where the process is most complete. 

In general, peat forms a single siiperfidal stratum, lying 
either on the sohd rock, as in the islands of North and Soutli 
Uist, Lewis, and the remainder of that chain, or on the allu- 
vial soil which, in other places, is ibund above the fundamen- 
tal rock. In other cases it is found to alternate with sand and 
gravel, with clay, or with shell marl ; while, in a few instances, 
it is found at considerable depths, buried under a thick bed of 
clay, or of other alluvial soil. The alternations of sand and 
gravel occur either on sea-shores, at the estuaries of rivers, or 
their termination in lakes, or in other situations where large 
quantities of these materials arc carried down by rivers, so as 
for a time to cover the plain, and destroy the process of vcgeta- 
iiaia. In those cases where large deltas are formeil or bays arc 
filled up, the deposidon of earth continues to procctil, till the 
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original peat becomes buried lo a oHitiiclerable <lepth, aad as 
such plains are generally brought into cultivatioD, it u never 
again renewed. Alternations or depodts of marl are only found 
in those ^tuations where the peat has bocn generated in a lake; 
BJld they offer a criterion, not only ol' the tbrmer existence rf 
lakes which have long since disappeared, but are capable of 
tennii^ng, to a certain degree, the depth which these once 
sessed. 

Mountain peat is not limited strictly to mounttdnous deoliw 
^g, but is found in all Eituations where the drunage is coodder* 
able. This variety is commonly loose in texture, and its average 
thickness may be estimated at a foot. It rarely amounts to tv» 
feet, and often does not exceed as many inches. As an arDcIe 
of fuel it is of little value, when compared lo the other varieties 
firom its thinness and want of compactness ; but it is more inte- 
resting in an agricultural view, from die great extent of sur&ee 
%vhich it occupies in Scotland, and from the comparative faciti^ 
with which, in low situations, i: is brought into cultivation. ITie 
dry moor lands ore generally covered with this variety, or witk 
a variety intermediate between it and the more compact peat rf 
marshy and ill droned ^tuations. The plants which prindpaU 
ly Conduce to the formation of mountiun peat are the follow 



vulgarig. 

tetralix. 
Myrica gale. 
Empetrum nigrum. 
Tormentiila erccta. 
Arbutus uva ursi. 
Vaccinium vitis id^n. 
JuniperuB coniniunis. 



Polytvichum c 

LycopcHlium clavutum. 

Lichen raiigifermus. 

Nardus stricta, 

Scirpus CJEspitosus. 

Juncus squarrosus, togethn 
with various grasses, chief- 
ly belonging to the genera 
Airs, Agrostis, and Carex. 



Harsh peat is chiefly formed in flat undrained lands, or o 
the margins of lakes, while it is also produced during the last 
stage of the formation of lake peat, with which it is llierefore 
often found united, constituting the upper surface of the more 
compact variety which lias been generated under the water. It 
is often found ~~'t -ing extensdve plains, and presents a great 
variety of a varieties depend chiefly on the very 

various stat> ri^g either from situation, or from 

difference o such extensive plains often retain 
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mter very unequally, the same tract will often lio found to pre- 
>rat ccn^derable diversity of clmrocter. In some «tuations it is 
semifluid beneath, and covered with a malting of tenacious and 
half decomposed vegetables, or else it is interspersed with parT 
tial spots of the same nature, maintained by the firmness of the 
heath, or of the rushes which have established themselves it) 
those places. In other situations it is intermixed in minute 
patches with mountain peat, according to peculiarities in the 
form of the surface, capable of determining the formation of 
these different varieties. 

Marsh peat occasituially forms a very imperfect stratum only, 
the roots of the rushes and grasses retining much of their ori- 
ginal firmness, in which ease it is sometimes known by the name 
of Ruskrturf, while, in other cases, a stratum of perfect peat is 
fijund beneath it; an occurrence which takes place when a 
trembling bog has been accidenlally drained ; or when, by the 
gradual accumulation of the peaty soil, the level lias been so far 
r^sed as to cause a constant and natural drainage. It is in this 
qjecies of peat that tlie Spluignvm palustre forms so conspicuous 
an ingredient, and this plant is indeed, from its nature, limited to 
the peculiar atuations in which marsh-peat is formed. The 
otber plants, which chiefly contribute to its formation, are in- 
cluded in the following list : 

Erica vulgaris, Aira ccespitowi. 

tetralix. Festuca fluitana. 

Myrica gale. Caltha palustris. 

Vaccinium osycoccos. Hydrocotyle vulgaris. 

Eriophorum polystachium. Lysimachia teneUa. 

voginatum. Menyanthes trjfohata- 

"* Schoenus olbus, and others of Elaiiunculus fjammula. 
this genus. Comarum palustre. » 

Scirpus caspitoauB, and o- Narthecium ossilragum. 

thers of this genus. Pinguicula vulgaris. 

Pedicularis palustris. Diosera longifolia. 

aylvatica. aiiglica. 

Orchis maculata- rotundifolia. 

eonopsea. Triglochin paluatre, 

Juncus, various species. Phalaris arundiuacea. 

CArex, various species. Arundo phragmites. 

Aira aquadca. Some of the Equiseta. 

The formation of Lake peat Js of a much more complicated 
nature than tliat of the two preceding kinds, and is moreover 
rendered additionally interesting, by its connection with that im- 
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portant set of changes on the surface, which conusts in the obli- 
teration of lakes, and tlie increase of dry land. From the re- 
marks immediately preceding, it wiU appear, tliat it is intimate- 
ly connected with the generation of marsh-peat ; since, duting 
hs whole progress, it is attended by, and filially terminates in 
this variety. 

There arc thus two distinct motles in which peat is formed in 
lakes, and, in each, a diaUnct set of plants is engaged. There is, 
however, a certain point at which these unite, and at which both 
processes are combined in producing the result by which the 
water is ultimately excluded, and a mass of solid materials is at 
lengdi fimnd occupying the place wliicli it once possessed. 

In the shallow parts of lakes are found numerous subocjuatic 
plants, which, in summer, flower at the surface, subndiiig to the 
bottom after that process is completed. By the annual death t^ 
pMtions oi' these, a stratum of peat is formed at the bottom t£ 
the water, where this process is also constantly going on by thf 
successive decomposition of the Scirpus aciculans, Lobelia dort- 
manno, Subularia aquatico, and other plants, which form a o 
tinuous mat of verdure, where the water is sufficiently shal 
to admit o£ their growtJi. The death of freah-water sh^-fi 
and the deposits of earth and sand brought into the lake 1) 
rivers, assist still farther in shoaling die water, and in thus at^ 
fording a lodgment to another class of plants, which advance 
from die margin in succession, according to their several p«»- 
pensdes to dirive in greater or less depths, or on the half drmn^^ 
cfl and marshy meadow by which the lake is bounded. 

In other cases, no dLitinct bed of peat is produced from t 
subaquatic pknts, but the whole process is the result of agr^" 
dual extension of the margin. This may readily be examined in 
those lakes of which the interior declivity is gentle, and at 
tJiose points where deltas are formed by the entrance of Btreams. 
The growth of Arundo phragmites, Sdrpus lacustris. Lobelia 
dortraunna, and other plants, here serves to detain much of tho 
sand and earth which would otherwise be carried forward into 
the deeper parts of the lake, and thus gradually affords a place 
first to the "^ grasses which flourish in inundated 

stnls, and i:: .rious plants which, in successioi 

grow in mi f different degrees of mmt^tun 
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Thus a stratum of peat is gradually furmed from the original 
margin inwards, covering, by its extension, the bottom of the 
lake, till, in c«rlmn cases, the water is entirely excluded, and 
the whole becomes a peat-bog, or, as may happen in other cir- 
cumstances, a meadow. Under sueh a stratum of peat, the 
shells which have been deposited in the course of years, are at 
length consoUdated into the marl bedsj formerly noticed, which 
are so irequent under tlje flat peat-bogs of tlie Highlands. 

These are often of such an extent and thickness, as to form 
valuable ([uarries, if this name may be adopted, for tlie purposes 
of agriculture ; the calcareous manure which they afford, being of 
the best (jnality. Many mossy lands have thus acquired a 
value which was little foreseen, and by which the proprietors or 
purchasers have very imexpectedly profited. The discovery of 
these marl-pits has generally been the result of accident, or of 
the excavations used lor procuring fuel ; very few of the far- 
mers or proprietors being aware of the true nature and origin 
of these deposits. A more generaJ diffusion of that knowledge 
among them, would lead to the discovery of marl in many parts 
of the Highlands, where it is as yet unknown, and where cal- 
careous manure is, from its rarity and distance, extremely 
valuable. As the shell-fisli, whioh contribute to its formation, 
exist even in very small collections of water, it may often be 
foimd in the mountain peat-mosses of very hmited extent, as 
well as in the larger, which have resulted from tlic partial or 
total obliteration of considerable lakes. It may be sought for 
with a prospect of success, in all these mosses which arc bounded 
by rocky or elevated margins, or which occupy basin-shaped 
cavities. Some of these still g^ve passage to t!ie river which 
once flowed into the original lake, and which has, by its depo- 
ats of earth, contributed to fill the cavity ; while otliers, which 
give passage to no river, have been produced by the gradual in- 
crease of vegetation from the margin in die mode just described. 
Experience in the forms and disposition of existing lakes and 
}>ools, will easily guide the eye in the selection of tiiose spots 
where marly deposits may occa-sionally be expected. It must, 
however, be added, that marl is sometimes found on declivi- 
ties, mixed with, and buried under mountmn-pcat. But these 
very singular deposits arc rare, and the produce of terrestrial 
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flhells, of which an account was gix'cn by the writer of this atll- 
cle in a paper on Glen TUt, published in the Geological Society*! 
Transactions. 

It is easy to see how lake-peat may alternate with stnita 4 
<clny, and of gravel and sand- These have been the result, • 
st the estuaries of rivers before noticed, of occasional 1 
carrying with them so large a quantity of earth as to su9bc 
and destroy for a time the process of vegetation ; and it is e 
to conceive how the occasional addition of such transported d 
terials, might, for a certain time, impede the re-establishment • 
a vegetating surface, so as to form an earthy stratum of c 
derable depth. It is also easy to understand how the gradw 
addition of earth, in a quantity insuiiicient to destroy v 
tion, may, instead of peat, lead to the production of an ordinal 
vegetable soil, and how the margin of a lake, in the act of I 
ing, will, instead of a peat-bog, become a fertile meadow. 

In concluding this sketch of the foimation of lake-peat, it» 
interesting to obBer\e llie simplicity and certainty of the p 
cesses by which water is converted into land in the interior o 
country, as it is near the marine estuaries of riv 

The plants which chiefly contribute to tlie formation of thi* 
kind of peat, are the following, and they are separated, in some 
measure, according to the regions which they occupy in the « 
ter or on its margin. 



Conferva bullosa. 


Arundo plitagmites. 


Lemna minor. 


ScirpuB lacustris. ' 


trJBulca. 


Lobelia dortmanna. • 


Nymphsa alba. 


Scirpus adcularis. , 


lutea. 


setaceus ; and othetv. 






heterophylluin ; 


Isoetes lacustria. 


and others of this genus. 


Alisma plantago. 


Chara vulgaris. 


ranunculoides ; and 


Hippuris vulgaris. 


others. 


Callitriche vei-na. 


Sagittaria sagittifolia. ( 


autumnal is. 


Butomus umbellatus. , 


Mjriophyllmn spiciitum. 


Acorus calamus. 


verlicillatum. 




■ Ceratophyllom (lemersum. 


Poa aquatica. < 


Utricularir 


Juncus conglomeratus. , 




effusus; and others. 


Bparganiu 


Schcenus mariscua; and othoj 


Menyanthes triioliata. 


Eanuncult 


Comarum palustre. 


Hydroel 


Some Equiaeta. 



Dr MacCullocK on Peat. 47 

It is unnecessary to add to this enumeration the Sphagnum pa- 
lustre, and some other plants which were before mentioned un- 
der the head of marsh-peat. 

The next division is that of Forest-feat. It has often been 
asserted, that all peat was the produce of decayed woods ; but 
the preceding remarks render it unnecessary to enter into a for- 
mal discussion on the unfounded nature of that opinion. Even 
those peat-bogs which now cover the decayed trunks and roots 
of trees, and which have been supposed to have originated in 
their destruction, owe great part of their bulk to the growth 
and decay of plants subsequent to the period of tlieir fall, and 
are now increasing by a continuation of that process which 
forms the peat of marshy or of wet moor land. During tlie 
growth of a forest, in favourable situations, a stratum of peat is 
formed by the accumulation of decaying leaves and branches, 
and by the death and renovation of the plants which grow under 
th^ shade. Where, in the lapse of time, the trees of these forests 
have fallen, whether from the effects of age, from storms, or from 
other causes, a certain portion of the wood decays, and adds to 
the ori^nal deposit ; while the growth of additional plants of 
different kinds, perpetuates tlie process. In these cases, the 
smaller branches, and even the larger, being exposed for a. long- 
er period to the effects of air and water united, and be'mg, from 
their size, more susceptible of decomposition, are ultimately 
converted into peat ; while, in a few situations, even the trunka 
disappear. Where, on the contrary, the growth of the peat 
stratum has been so rapid as to cover the trunks, so as to ex- 
clude the alternate action of air and water, these remain for a 
long period unchanged, and are often dug up unaltered, so aa 
even to be applicable to the ordinary purposes of timber. Oak, 
in such circumstances, is well known to acquire a black colour, 
and to become valuable for the purposes of the cabinet-maker. 
As the roots are soonest and most effectually protected from the 
causes of decay, they are generally found unchanged, even when 
the trunks have entirely mouldered away. It has been sup- 
posed that peat possessed some mysterious antiseptic properties, 
by which this effect was produced ; but it differs in no respect 
fnnn that which equally occurs where wood is so far buried, as 
3 the case of piles, as to be excluded from the influence of the 
a alternations of dryness and moistute. 






iubstaai^H 



L tak 



48 Dr MacCuIloclt on Peal. 

Allhougli the submerged wood of peat-bogs thus contintica 
frflen unclianged for a long jieriod, in olhi.>r cases it undergoes a 
chemical cliange, without loss of texture, and acquires the pe- 
CHliar properties of peaL It will hereafter be shewn, that a 
longer continuance of the same action of water produces an in- 
djnent bitumi nidation, and that lime alone is probably required 
to convert such wood into ligrute, or into a substance resembling 
brown coal, surturbrand, or even jet ; products, of which t!ie pe- 
culiarities are in some measure owing to collateral circumstanceEi, 
which it is unnecessary at present to consider. 

It is scarcely necessary, in concluding tliis subject, to reuuU-Ic, 
that forest-peat must vary niateriaJly, according to the pro- 
portions in which wood and tlit ordinary marsh plants enter into 
ita composition, indepeudently of tlie numerous otlier circi 
stances by which the characters of every variety of this sul 
are modified. 

The trees which in Scotland enter into the formation of fo 
peat, are chiefly oak,_pr, alder, and birch. To these may be ad- 
ded, as more rare, the ash, the roan, the hazel, and different spe- 
(nes of w'lllow. To enumerate the plants whicli grow under thar 
shade, or occupy the soil on which tliey have fallen, woidd, 
with a few trifling additions, be to repeat much of the cata- 
logues which have already been given. 

It has scarcely been noticed by our writers on this subject, 
that peat Is also occaMonally formed on sea-shores, by the death 
and renewal, in salt-marshes, or in other analogous spots, of 
those plants which affect niai-itime situations. Such peat may, 
however, be found on the shores of the marilime Highlands, and 
in other analogous places, and it often forms strata alternating 
with sand, or mth the muddy deposits of rivers. It is not un- 
common, in those places where the estuary of a con^derable 
river is a sea-loch, and where, by the gradual extenaon of the 
shallow shores, from the same causes which operate in slunUng 
hiland lakes, the sea becomes gradually excluded. West Loch 
Tarbet and Isla, in this country, present, among other pi 
very accessibli" »"'' ' ■ mspicuou s examples of this process, in it£ 
veral stages. r spot, it may he seen in a state of 

activity, ant accession of land is thus gradually 

taking plact s long since terminated ic the flat 
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Uact by which Loch Greinord communicates with the head of 
Loch-in-daal, and the stratum pf maritime peat is here sub- 
merged beneath a considerable depth of alluvial soiL 

In North Uist, peat is found in analogous situations, appear-* 
ing, in these cases, to have been generated by those plants which 
grow in sandy soils, and which have, after a certain time, be^ 
overwhelmed by the accumulation of blown sand. The sub- 
mergence of maritime peat by soU, where the estuary of ari- 
ver is the sea, is so exactly analogous to that which takes place 
where a river terminates in a lake, that it is unnecessary to dwell 
on it. It is equally obvious, that the power which the semi- 
maritime plants exert in detaining the alluvia of rivers, or the 
sand of the seanahore, is similar to that which the conunon reed 
and bulrush exert on the shores of lakes, and it is tlierefore 
also unnecessary to dwell on this subject As the marl of 
fresh-water shells is found alternating with inland peat, so de- 
poaites of searsheUs, in various states, are found intermixed with 
that which is of maritime origin. 

The peat formed on sea-shores by the plants that grow in 
sand, is small in quantity ; nor is it always certain that it ori- 
ginates in these plants, even where it is difScult to discover to 
what others it can have owed its origin. These plants are 
chiefly the following : 

Triticum junceum. Valaiitia cruciata. 

Elymus arenarius. Thalictrum minus. 

Arundo arenaria. Trifolium repens ; and various 

Carex arenaria. well known grasses. 

Galium verum. 

The plants which grow on the alluvial flats, or in the salt- 
nuurshes, are more numerous, and comprise principally the fol- 
lowing species : 

. Glaux maritima. Scirpus triqueter. 

Juncus maritrmus. Matricaria maritima. 

Triglochin maritimum. Statice limonium. 
Aster tripoliiun. armeria. 

Schoenus mariscus. Artemisia maritima. 

Arenaria peploides. Bunias cakile. 

marina. Chenopodium maritimum. 

Scirpus holoschoenus. Salicornia herbacea. 
maritimus. fruticulosa. 

But the most conspicuous and important plant in extending the 
aDuvia of maritime estuaries, is the Zostcra marina^ which forms 
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large Gubrnarin? plaiiiiiat coDsiderable depths under Uie sctt, aadf 
by detaiitiiig tlic 8aiid and mud, gradually raisos tlie IxtUom so 
far above tlie high-w«icr mnrk, as U> enable it to ailbrd a place 
for the plants uf the preceding catalogue. By tlie bulk and 
extent of its routs, it al^ sorres to f(»'in the principal port of 
the peat stratum which is found on sea-^c^es. 

The several varieties above enumerated, incli^de all the d^ 
positions of peat winch are found in tlieir natural ^tuations; 
but BDotber variety remains, which was already menlioBed, and 
which it ia necessary to notice, before quitting this part of the 
Bubject. It conasts of the finer parts of perfect peat, which 
have been ti-ansportcd by water to cavities capable of detainiyg 
them. This transported peat is rare in Scotland, and generally 
occupies small patches in mount^ous land, where it produces 
a liquid or trembling bog : on the Continent of Europe, it ap- 
pears to ffffui more extensive tracts, and to be of con^derabte 
importance. When drained, it constitutes one of die most solid 
and perfect varieties of i>eat. 

The progress of change from tlie living vegetable to peat, 
is most eatiiiy traced in the flat mosses of plains, and may b^ 
examined in the deep sections which are made for procuring 
fuel. In these, a regular gradation may be traced, from the 
spongy half-decomposed vegetable matter to die solid inorganic 
peat, in which nearly all traces of die plants have been obhterated. 
A similar gradation, but less perfect, may be found in momi- 
t^n-peat; but tlie progress of the other varieties is, from tj 
peculiar nature, less susceptible of examination. Where 1 
living plants terminate, their roots are found intermixed n 
the half-decomposed matter, produced by dieir leaves and f 
ments, forming a spongy mass. Lower down in the stratu 
the pulverized peat is seen mixed with a few fibres or f 
ments still resisting decomposition. These gradually disap] 
in the progress downwards, until at lengdi a finely powdet 
substance alone is found; the process being completed to the a 
in the total destruction of all the organized bodies. When ij 
process has occurred on a drained declivity, the pure peat for 
the powdf -soil used by gardeners for rearii^ cer 

plants ; w 'intrary, the soil is wet or inundatei 

the powdi vith water, which, on being drained. 
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leaves it in a state af^en highly compacted and firm, produciitg 
tiint peat which is more valuable for the purposes of burning. 
A- variety of moditications result from collateral cireumstancea 
or interniediate conditions; the chief of which are, diiferences 
in the nature of the vegetables, in the lime during which the 
process has lasted, in the degree of drmnage, and its occasional 
variations, and in the elevation, or other causes, affecting tlie 
temperature, or the moisture of the atmosphere. 

The commencement of the process is easily traced in the 
Sphagnum paluatre, which, in some situations, forms an unport> 
ant ingredient in peat. In this plant, as the lower extremity 
dies and is decomposed, the upper, like nmny otlier mosses, 
sends forth fresh roots, and extends its offsets ; the individual 
becomijig tJius in a manner immartal, and supplying a perpe- 
tual liind of decomposing vegetable matter. A similar process, 
although less distincl, takes place iu many of the rushes and, 
grasses, the ancient roots and leaves dying, while the existence 
of the plant is perpetuated by the annual renovation of both. 
Many other vegetables add to the common stock, by their an- 
nual deatli, their existence being repealed in seedling plants ; 
wlule others, of a perennial nature, contribute only by the or- 
dinary decay and renewal of their leaves. 

It is therefore evident, that the growth of peat is constant, 
but tliat it depends, at the sanie time, on the continuous growdi 
of the vegetable covering. Hence mounuun-peat is always in- 
creasing wliile it continues to bear those plants from which it 
was originally produced ; as its state of drainage, and looseness 
rf texture, are such as never to refuse a hold to fresh plants of 
the same natim:, even after the vegetating covering has been 
annplelely removed. There are certain cases, however, in which 
the growth of mountain-peat ceases, the vegetating covering be- 
ing replaced by plants which, under the circumstances that first 
produced them, continue to grow, and possess no tendency to 
form that substance. These cases are interesting to the agri- 
culturist, as they form, in fact, tlie several pi-ocesses by which 
this f^ciesof peat is converted into green pa.sture or into arable 
land. The pasturage of sheep, the application of calcareous 
manures, or of clay or sand, burning, and tlie turning of the 
(urface by agricultural implements, are the chief means by 
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which the vegetation of these soils is exchanged for more piofil* 
able plants. To these must be added the growth of lareh, m^ 
der which the original covering is gradually extirpated^ and ra- 
placed by a green and grassy surface, applicaUe to the paBturagK 
of cattle. 

Although the formation of manh^peat oeeaei, when, fim 
the gradual increase of elevation, or fhxn other camei^ the bog 
becomes drained, this substance still continues to be genesrated, 
but in a slower manner, by the plants that form it on mountain- 
declivities. 

The formation of forest-peat must be considered to have tar- 
minated with the decomposition of the wood whidi hat first 
fallen, althmigh the process still goes on in a different manner^ 
by the growth and decay of the various plants which occupy 
the same place. A few cases are however known, where it wp^ 
pears that forests have successively grown and fisdlen on the same 
bpot, so as to have continued the or^nal process. 

The peat of lakes is necessarily completed, when onoe the 
Irater has disappeared ; and in a similar manner, that which is 
formed from maritime plants, ceases to grow, when, by the final 
exclusion of the sea, the character of the vegetation is changed. 

Of the formation of transported peat there is no end, as long 
as the flow of water from mosses continues, and cavities exist in 
•which the material can be deposited. 

As the increase of peat necessarily keeps pace with the growth 
t>f the plants from which it is formed, it is evident, that the oes*- 
sation of the one is implied in that of the other, with the excep- 
ticm of transported peat, which does not direcdy depend on the 
same cause* That it may be renovated after cutting, it is there- 
fore necessary that the process of vegetation be renewed where 
It has thus been suqiended. In mountain-peat, it has afa^ady 
been shewn that this takes place naturally, as this variety gene* 
rally approaches so much towards ordinary vegetable schI, »■ 
readily to admit of the lodgment and growth of seeds. . But the 
"compact and perfect varieties which are exposed by the Ofoat- 
lion of cutting, n^'^ not thus susceptible of renewed v^etation, 
as no plan' ' ' qrly to attach itself to peat in this state. 

' But if the formed as to admit of the stagnsttaon 

of water, netimes renewed by the same 
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of nperations which takes place iu lakes, and thufl the cavity be- 
comes once more tilled with the same material, always, Iiowever, 
distii^uialiablc for a loiig period by the laxity of ita texture. If 
the exposed eurface is drained, no such event ibllows, but the 
spot appears to remain for ever naked, and of course incapable 
*if augmentation or renewal, aa inajr daily be witnessed in moun- 
tains, where the perfectly formed and compact peat has been cither 
naturaJly or artificially exposed. Thia is now well understood; 
aad it Jias accordingly become a general practice to reserve the 
superficial covering, and replace it on the lx>ttom, after the peat 
retjuired for fuel liaa been removed. 

The lime required tor the production of a given depth of 
peat has been a freeiuent subject of inquiry. In eome cases, its 
grwwili has been found so rapid as tu he sensible to the obser- 
Tation of individuals ; but, in general, it has been necessary 
lo have rtx^ourse to evidence founded on circumstances invol- 
ving a much longer petiod of time than human life. Such re- 
psten oi' the date ol" given depths of peat have been found in 
works of art, or in tlie marks of human industry which Iiave 
been submerged in it, and of which tlie time admitted of being 
•acdrtuned within cert^ liutits. From tliese several nuxles of 
judging, it has appeai-ed, that tlie time required for the forma- 
ioa ot' a ^ven depth of this subf.tance, is so various, that no 
gCfientl conclusion can lie drawn on die subject It has been 
Temarked on the Continent of Europe, that cavities of seven feet 
in depth have been filied witfi it in tlie shtfft space of thirty years. 
Thia occurrence la, however, hmitcd to partial spots, and de- 
pends on a comHnation of favourable circumstances, which must 
be cooHdered rare. It only takqs place in the smaller excava- 
liiHtB, in which the vegetation of aquatic and marsh plants is 
vnusually luxuriant. Two cases have often been quoted, of 
peaUmosses foimed on fallen forests, tlie laie at Drumlanrig, the 
Atfaer near Loch Broom, the former of which was completed in 
oxty, the latter in fifty years i but aa the deptli is not specified. 
Do oonclu»on can be drawn from these instances. In innumer- 
able other instances, Jloman works of art, and traces of Ilonian 
roads, have been foimd beneath peat-mosses, but the depth has 
wldom been measured ; so that from these also, no conclusion 
ttqiecting the quantity produced ia a given lime, can be drawn 
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^^^V In a few cases, however, the depth has been oieagured. A 
^^^1 coin of the Emperor Gurtlinn, is quoted as Imving been diao^ 
^^^H Tcrcd at tliirty feet in depth ; and oilier Roman coins are meib 
^^^1 tioned as having been found in Italy even at that of fif^v feet. 
^^^H "f ram the latter, of wliich the dates are not given, tlie time re- 
^^^1 quired for the production of this quantity of peat, can only bs 
^^^H 'conjectured within very wide hmits. In this country, Rotnan 
^^^B vtcnsils, and traces of lloman roads, have been found at the 
'■ depth of eight feet ; but as other parts of the moss in the spot 

, in question attain to the deptli of twentj' feet and upwards, the 

^^^ quantity produced M'ithin the time ascertained by tills register, 
^^^L may be con»derably greater. Recently, the palings of b park 
^^^B described by Camden, have txx^n discovered beneath Chat Moss; 
^^B Init the depth of superincumbent peat in this place has not been 
r mentioned. 

I It appears unnecessary to be anxious on this subject, a^ 

} from a variety of circumstances, it must appear evident that do 

\ general conclusions can be drawn. The chief causes whicli m. 

t fluence the growth of peat, are situation, temperature, and tiie 

E degree of moisture, all of iJiem being causes which aiFect the 

rapidity of vegetation. In those cases where mountain-peat is 
in contact with the solid rock, it is obvious, that its growth, par- 
ticularly in the first sUge, must be very slow, as the time wtuch 
the lichens and mosses require to lay the foundation of a, veg^ 
taling surface is considerable. In all cases, the peat of drained 
declivities is of tedious growth, and, as was formerly mentioned) 
rarely attains a greater depth tlian two feet. The production 
of marsh and of lake peat, are on the contrary rapid, and that 
in proportion to the circumstances of various kinds, by whidi 
the luxuriance of vegetation in these situations is promoted. 
That of forest-peat must, in most cases, be even more conader- 
able, as a sudden accesaon of depth is produced by the fall of 
the trees which contribute to its formation. Many of the deepr 
cr mosses of all countries, appear accordingly to owe a laron 
I portion of their bulk to this cause, and are found in places v 

I knoi 

^^^^hav( 
^» V 
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, have been 
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s well as by internal evidence,'! 
I by furests. 
time, derived from submerged \ 
wrd, can be discovcved, tli? antk 



Dr MacCulloch m Peat. 55 

of any given mass of peat may be preaumeii from otiier circum- 
stanws. These are, chiefly, its alternation witli beds of clay «r 
alluvium, and tlie degree in which it approjiimatcs in its chemi- 
cal quahties to brown coal or biturainized wood. The latter 
change reqiiires a length of time greater than that during whidi 
die greater number of the Euperficiai peat-mosseB of tlua country 
lias existed ; and, in most casefi, the alluvia which have been 
g^ecated by the deposits of rivers arc evidently of a very bigh 
antiquity. 

Under the vanous circumstances in which peat is found, it 
«ustB, as a soil, in various states, namely, in that of a fibrous 
and spungy mass, a powdery substance, a compact body, and a 
semifluid paste. The former condition occurs in all cases 
vhere tlie process has not been perfected, and presents infinite 
varieties. The second state is peculiar to mountain or drauied 
peat. Compact peat, agfun, forms tlie predominant variety, in 
Scotland at least, as far as the mere bulk of the deposit is oaa- 
cemed ; although the drier kinds occupy a mucli wider extent 
of surface. The semifluid 5ta,te occurs, not only in transported 
peat, but in other cases where it has been formed in lakei <x 
marges, which, from their forms, have the power of retaining 
water. Time consolidates even this peat, by filling the cavity 
vUfa solid matter, and thus gradually excluding the water ; but it 
may oontiQue for a long penod in that state, as it does peculiarly 
«i tbe continent of Europe. The well known inundadous of 
Stiid peat, have arisen in these particular cases, from the failure 
of the barrier by which such a cavity was bounded. 

It is not within the limits of this paper, to notice the capadty 
rf these several kinds of peat for rec^ving agricultural improve, 
ment, nw the various well known methods by which they may 
be brought into cultivation. It must, however, be obvious, 
diat no general rules can be applicable to the whole, and 
that the great diversity of qualities possessed by this substance, 
indicates corresponding differences of treatment. It is also evi- 
dent, from watching the natural processes by which peat \» con- 
verted into soil, that pulverization forms the essential part of 
every mode of treatment. In draining a compact peat, art thus 
imitates what nature effects on mountain declivities ; and, in 
foiipng earths with it, the same results follow, which, in nature, 
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occur fruni the disperaon of sand in the neighbouriiood of thd 
•ea, from the intermixture of clay and sand near the eatuarieB 
of rivers, and from other more tedious actions by which its tex- 
ture is loosened, and maintained in a lax state. It is in these 
eases that peat becomes naturally susceptible of cultivation with 
4X>mparative ease ; and it is by attending to these drcumatauces, 
that the agriculturist must be directed in the dioioe of subjects 
for his improvement, wherever a choice is in his power. A oon- 
dderation of the effects produced by the application of caka* 
reous manures, by burning, and by other means, must be left to 
those under whose peculiar province thb subject falls. 

The brown colour of mounUun-streams evinces the partial 
solubility of peat in cold water, or at least proves that the mass 
in question contains a soluble ingredient. The quantity of mat- 
ter thus held in solution is however small, and seems only to he 
extracted during the incipient or incomplete stages of the pio- 
cess. Peat, of whidi the formation is perfected, appeal^ to com- 
municate no stain to cold water, although Ixnling water still ex- 
tracts a portion of the same ingredients. Water thus impreig. 
nated has been supposed to possess s(»ne peculiar antisefifcic 
powers, the existence of which is, at best, doubtful, and which, 
if they do exist, s^pear to depend oa accidental impregnations, 
Hot on the peculiar hydro-carbonaceous Compound which ccxn- 
ihunicates the brown colour. The obscurities which have at- 
tended this subject, appear to have arisen from inattention to the 
various nature of the substances which may be, and occasional- 
ly are, dissolved by waters flowing over peat, or stagnating in its 
cavities. One c^ these must be considered of an acxndental na- 
ture, and it is the tanning principle extracted from die unde- 
composed bark and roots of various vegetables, and^ among o» 
thers, from the Tormentilla erecta. It is probable that, where 
animal bodies have been preserved in a state of integrity in peat 
water, tliis tanning process has been the cause ; although, in cer- 
tain cases, the constant application ^ mere water is ci^paUe of 
preventing the putrefaction of the muscular and membranous 
parts of animals, bv converting them into adipocire* Peculiar 
effects are alsr -^ by ferruginous solutions, which must 

also be consid al, and which appear to arise from 

itbd ooaversioi sulphate of iron. It b not impcio^ 
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bable that, where tan ia held in solution, a portion of gallic acid 
may also occa^onally be dissolved ; but it is nearly impossible 
to put thcso subjects to the lest of direct experiment, I'rora the 
difficulty of procuring solutions of peat in a state fit for such ac- 
curate examination. The acid which may be extracted from 
peat, by decoction in water, is small in quantity, and appears ra- 
ther to be generated by the same process which converts the ve- 
getable fibre into peat. It will hereafter be seen, that when ve- 
get^le matter is exposed to heat, the carbon and hydrogen en- 
ter, together with portions of the other vegetable elements, in- 
to new eouipounds, some of which are partially soluble in water. 
A familiar instance of this occurs in the roasting of coffee. Du- 
r'mg this process a portion of acid ia also generated, which, on 
puling tile process to extremity, forms a conspicuous part of 
the result of the destructive distillation of vegetable matter. 
The acUon of water on vegetables, in the case of peat, as in that 
of manure, produces hydro-carbonaceous compounds of an ana- 
l<^us nature, eome of which are ^milarly soluble in water, 
while others form insoluble peat ; and it appears a necessary con- 
sequence that, in this process also, acetic acid should be generat- 
ed. The acid extracted from peat is in fact acetic acid, but the 
time required to conduct a direct experiment of this nature, so 
ai to produce a decided result, is such as to prevent the pos^- 
btlity of instituting any ibr that purpose. 

The soluble hydro-carbonaceous compound which communi- 
cates the brown colour to peat water, reseuibles, when obtained 
in a state of purity, that wliich is generated by the decomposi- 
tkiU of manure, (abstracting the salts which abound in tliis,) as 
well as that which is produced by roasting coffee, or by the ap- 
plicadcn of a regulated heat to other vegetable matters. It is 
like that also which, in highly terrified malt, or in sugar, com- 
nuaicatcs the brown colour to malt liquors. It is probable that, 
in all these cases, tliis compound is subject to considerable varia- 
tions ; but chemistry as yet offers no certain methods of accurate- 
ly distinguishing these. Distillation, which separates the hydrogen 
and other volatile matters from the carbon, proves differences, the 
ncad degree of which it does not enable us easily to appreciate. 

This compound, as it is deposited naturally from peat waters, 
I is sometimes found in bogs in such quantity as to admit of ready 
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examinatJon. Occasionally, it is dispersed among the more aoiid 
peat, which consists of powdered materials, fmgmenta and fifare% 
to wluch it communicates a black colour and pitchy 
It cannot then be extracted by water, as far as I have 
€ed, since, when once hardened, and in a detached state^ it is 
not soluble even in boiling water. When first this matter it 
procured, it is soft, but when dried, it is brittle, and fareaks with 
a splintery and conchoidal fracture, presenting a ocmsiderahle 
resemblance to asphaltum. It also sometimes resembles that 
substance in lustre, but is at other times dull, and the ooiknir is 
black. It is heavier than water, and is not electric. It is not 
acted on, as already remarked, by boiling water, nor is it sohi- 
ble in alcohol, ether, or naphtha ; in which latter circumstiBios 
its difference from asphaltum, which it otherwise so mixdi v^ 
sembles, is strongly marked. On distillation, it gives the same 
results as ordinary peat, namely, acetic acid and vegetable tar, 
the charcoal remaining behind. These results prove, that, like 
tmdecomposed vegetables and peat, it contains oxygen as weS 
as hydrogen and carbon. The quantity procured for the expe- 
riments in question, was too small to show whether any aioCe 
exists together with the other elements, as no flwiwwwiift wm 
found in the small proportion of acid obtained. 

It has not, as far as I know, been observed by our numerous 
writers on this subject, that peat is occasionally luminous, al- 
though a remark of an analogous nature is made by some orien- 
tal traveller, whose name does not at this moment occur. I 
have oflen, however, witnessed this appearance, and most re- 
markably in the bared bogs of North and South Uist. The 
luminous matter is dispersed in small points over the brown 
surface, and as these are very minute, while the colour of the 
light is also blue, they are scarcely visible at a small distance^ 
whence, probably, they have escaped notice. This fact is ana- 
logous to that which occurs during the decomposition of wood; 
but the presait state of chemical analysis does not appear to 
offer any means of ascertaining the cause (^ the phosphcxresoenoe. 

The specific grn^nty of peat varies considerably, and, in a 
great measur ' m to the degree of its perfection ; in 

fi few instan ) sink in water. Its qualities as a 

lu^l depend : ng condition in tliis respect ; thAt 
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North and South Uist, and of this chain of islands in gcno- 
ral, is so compact as to afford a flaming fuel nearly equal to the 
inf«ior kinds of coaJ, while, after being once dried, it is again 
incapable of absorbing water. 

(To be concluded in o>iT next.) 



Art. X^.^Account of a Peculiar Modification of Vhion. By 
John Gillies, M. D, Member of the Wcmerian Society. 
In a "Letter to Dr Brewster, 
Dear Sik, 

JIN compliance with your request, I now send you an account 
of the Angular modification of vision formerly mentioned to 
you, and of which I can And no siniilar instance on record. It 
occurred frequendy to me during the year 1816, Since the 
third day of the following year, with but three exceptions, and 
these at very distant intervals, I have never again expeiienced 
any return of it. I have to regret much, tliat my observa- 
tions on this subject have been rather limited and imper- 
fect. On this account I have purposely deferred laying the 
particulars before the public, in the expectation that their recur- 
rence might enable me to render tliem mote complete ; but of 
this there is now very httle probability, when so long a period 
has elapsed since this affection has visited my eyes with any d^ 
gree of frequency. 

This modification of vmoa usually made its appearance in 
the following manner, without any previous intimation of ita 
approach. When sitting in company, or otherwise engaged in 
any occupation not requiring continued or minute attention, all 
objects witliin the range of my vision, appeared to recede from 
me, and be proportionally diminislied in magnitude. These ap- 
pearances at first were generally so very slightly different from 
my natural vision, as to produce in niy mind some doubt whether 
I had not been deceived in supposing there was any difference. 
Any (^uht of this kind, was, however, soon removed by a gron 
dual increase from one degree to another, till it had reached it? 
maximum, which usually took place in the course of a few 
minutes from ihe commencement. In this condition, wliicji 
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on difierent occaaons varied considerably in point of intenid^,' 
my virion continued for a longer or shorter length of tim^ and 
then the affection disappeared in the same gradual manner as on 
its accesaon, till at lenc^h it became so very slight as to be 
with difficulty distinguished from, my natural vision. 

Such was the ordinary succession of phenomena, as they ov 
curred in my vision, on those occasions to whidi I have aUuded. 
There are, however, several other circumstances which re- 
quire to be mentioned more in detail : These, for the sake of 
brevity and arrangement, I shall state under separate heads. 

The duration of this affection varied conriderably, ftY>m a 
few minutes to seven or eight hours ; in ordinary cases, how- 
ever, it only continued from half an hour to an hour. In fie- 
quency of recurrence it varied also exceedingly. During the 
summer of 1816, when these phenomena first made their vp^ 
pearance, it usually came on about once every two or three 
weeks, but these attacks became much less frequent during the 
succeeding autumnal months. However, in the months of No- 
vember, December, and the early part of January 1817, they 
became much more frequent and troublesome, recurring evoy 
eight or ten days ; sometimes appearing daily for sevend days 
in succession. It appeared to have reached its miiTiinnifn de- 
gree of frequency about the commencement of the year 1817 ; 
for, during the 81 st December, the Ist, 2d, and Bd of Januaiy, 
it came on in such rapid succession, that I seldom enjoyed 
my natural vision longer than two or three hours at a time, 
often indeed only for a few minutes ; but I may here observe, 
that although its recurrence was so very frequent, yet it seemed 
gradually to diminish in duration each time. 

In degree, this affection hkewise varied very mudi, and 
occurred in every variety from the slightest deviation iWim 
the natural vision to its most intense degree, which I fiad 
much difficulty in estimating with uderable precision, as I had 
no standard to judge by, or any other guide^ except my own 
sensalions ; but, from the observations I was enabled to make, 
I am inclined to '-V, that on scxne occasions the summnding 
objects appc ve as if removed to Mx or eigfU times 

their real di ^nsations were neither confined to 

objects near at a distance, but were equally par- 

2 
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tiifiMd in by every object witliin the range of my vi^on. 

Tka, I have observed a row of lamps of alwut three quarters of 
( mile in length, to bear the saoie proportional relation to my 
^ as during my natural vi^on ; wliile, un the other lumd, 
when seated in an apartment, and under tlie influence of this 
ifection, bad I trusted solely to my sensations of vision for in- 
fnuiation, I should have been induced to think, that objecte 
irfiich I knew I could touch with my hand williout rising from 
ny seat, were removed several fetit farther from me, and alti>< 
jetber beyond the reach of my fingers if I extended my arm. 

During the latter part of the 31st December ltil6, when 
this a9*ection seemed to liave reached its greatest degree of in- 
Uoaty, on which occa^on it continued with scarcely any inter- 
nussion upwards of eight hours, these sensations were experien- 
ced in every variety of deffree, from the slightest to the most in- 
tense form which I had ever experienced, and these often vary- 
ing and alternating with each otJier. 

Being very desirous to determine whether, during the con- 
tinuance of this afiectiun, the apparent diminution in the 
magnitude and increase in the distance of surrounding ob- 
jects, bore the same relative proportion to each other which 
&Ky did duiing my natural vision, I endeavoured to make 
iwne observations on this point ; but from the want of any 
good rule by which to estimate, and the lallacy to winch all 
observations, resting solely on individual sensation, are liable, 
these have been very unsatisfactory, and I cannot speak with 
any certainty on the subject; yet there is an impres^on on my 
mind, that tliey were exactly proportioned to each other. 

In general, I remarked that tlie distinctness of surrounding 
objects did not seem to be impaired in a greater degree, than if 
they bad been actually removed to the same distance at wliicb 
ihey appeared to be. 

I have never been able to assign any probable cause for tiie 
occurrence of tHs afl'ection of my vision ; but it may be worthy 
aS remark, tliat it never came on while I was engaged in read- 
ing or writing, or ui any other occupation which required steady, 
continued, or minute attention, but most commonly attacked me 
irbffl) I was in company, or while engaged in conversation with 
any one, and when my eyes were employed viewing surround- 
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ing objects, witliotit tlieir being slc^astly or exclusively direct- 
ed to any one of tbem. 
Having remarked those circumstances under which I seemed 
to be exempt from these acces^ons, it occurred to me, that the 
employment of similar means might prove effectual iii accom- 
jdtshing its removal, when it had already made its appearance. 
Accordingly, at different times, while under the influence d! 
this afiection, I tried the effects of reading, writing, and the em- 
ployment of magnifying glasses of different degrees of power. 
All of tliese seemed, on some occasions, to remove the affection, 
while at other Unies they fwled in doing so ; which induces me 
to think that, on the former of these occasions, my eyes were (£ 
thwiiselves about to resume their natural condition, and were 
little influenced by these external agencies. 
On reading, when I held the book at the usual distance from 
iny eyes, I saw the words as distinctly as usual, diougli tlicy ap- 
peared smaller and more distant than ordinary ; but the eset- 
tjon used in reading on sudi occasions, generally soon brought 
cm such uneasiness of the e^-e, as to oblige me to desist. 

The magnifying glasses, which I employed of various dc^reei 

^ of power, produced no oUier alteration in my sensations of vi^on 

than I should have expected of them, had tlie objects viewed 

been actually at the same distance, and of the same magnitude 

as they appeared to be to my vi^on at the time. No alteration 

1 was produced in my eyes, while in this state, from bathing tbem 

I in cold water, and rolling them about in it for some time. 
• To determine whether these peculiar sensations were confined 
to one of my eyes, or extended to both of them in common, I 
Sdlematety covered one eye and used the other, and unifonnlj 
|R)und that die appearance of surrounding objects was precisely 
fte same as when both eyes were uncovered. 

At one time I supposed that diis modification of vi^on might 
be somewhat connected with an increased fulness and determi- 
j^^ Xiation of blood to the eyes, and frequently ima^ned I felt them 
^^^^Alore tense and uneasy during the time of its continuance, a 
^^^■4dter it had disamv "red, than at other times ; butafWn 
^^" "Jcpeated ob tlie subject, I was induced to i 

' quisli my fi ice I did not remark any unus 

lense of fuln » where I had used but little e 
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tkii of my eye% which indmed me to ascribe these uneasy eea-^ 
sations to my having overstrained them, and to pajring more 
particular attention to my sensations at the time than on other 
oocsBOona. In general, indeed, I suffered little inconvenience 
from it, with the exception of its unfitting me, during its conti^ 
nuance^ for any serious occupation, where my vi^on was re^ 
quired. 

While under the influence of this affection, my eyes were re-^ 
peatedly examined by various professional gentlemen, none of 
whonoL could perceive the slightest deviation from the natural ap- 
pearance of these organs, or any apparent alteration in the con- 
vexity of the oomea. Among these I may be allowed to men- 
tion the names of Dr Farre of London, and of my much re- 
spected friend and preceptor, the late Dr Gordon, whose merits 
as an acute and intelligent physdolo^t and anatomist, as well as 
his private worth, iirill long endear his memory to every one 
who had the advantage of knowing him, or of listening to his in* 
structions. 

These remarks constitute the very limited and imperfect ob- 
servations which I have been able to make on these occasions. 
Such as they ore they may be relied upon, being the result of 
actual observation ; and with some, perhaps, will be considered 
the more worthy of attention, as I have no particular theory to 
Qupport,*— « source of fallacy which cannot be too much guarded 
against, in making observations on one^s own sensations. 

As I have been unable to bring forward any satisfactory ex- 
planation of these phenomena, I have altogether refrained from 
giving any opinion on the subject, but presume that it may be 
dependent on some modification of the adapting power of the 
eye to near and to distant objects. 

These observations, however, seem to lead to the following 
conclusions : 

Istf That this modification of vision always made its appear- 
ance in a gradual manner, proceeding progressively, and almost 
imperceptibly, firom one degree to another, till it hod reached 
its ma x imum ; and constantiy disappeared in the same gradual 
and progressive manner, but in a reversed order. 

9d, There was no apparent diminution in the distinctness or 
cleamesi of surroundmg objects, further than might have bepn 
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expected from their actual removal to their apparent dii. 
tance. 

Sdy That external agents exerted no influence in produdngr 
or removing tliis state of the vision, which seemed to be wholly 
dependant on causes situated in the eye itself. The drcumstaitoe 
of its never having appeared while employed in some partial* 
lar occupations, may have been purely accidental, from my never 
having been so engaged while there was a disposition in the eye 
to assume this state. 

Any further remarks I leave to those more conversant thin 
myself with the science of optics, and should be happy to heir 
their opinions on the subject, and will with pleasure attend to 
the suggestion of any of your readers, should any method occur 
to them whereby I might vary and extend these observatkxM^ 
in the event of my being again affected with this modification of 
vision. I am, Sec. 

2. Hay Street, ) Johk Gillies* 

^Z5th October 1819. J 



Art. X« — Description of a new Atmometer, invented by Adam 
Anpebson, Esq. A. M. Rector of the Academy, Perth *. 

JL. HE Atmometer, or, as it is sometimes called, the ExHxporcr 
meter, for measuring the quantity of water evaporated in any 
given time, is an instrument which has not till lately been 
brought to any great degree of perfection. A circular baan, of 
uniform width from top to bottom, filled with water, is the sim- 
plest form of the instrument, and the quantity evaporated may 
be very accurately ascertmned by means of a graduated glass 
tube, ^ilar to that employed for measuring the d^h rf 
rain. There are several difficulties, however, attending the use 
of the instrument, which render it a very uncertain incQcation 
of the absolute quantity evaporated. If it be exposed fredy 
to the sun and wind, the heat acquired by the vessel itself will 
rapidly promote evaporation ; and if the basin be kept nearly 
full, as it oi >e. the water will be agitated and thrown 

• The follow autiful instrument is copied, by permisnoBy 

from the MS. oi h drawn up for the Edinburgh Encydopsdia* 
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over by the wind. Nor do wc conceive, even though this last 
accident were guarded agmnst, that the result would be either 
satisfactory or important. If the object of the atmomeler be 
to ascertain the dissolving power of the air, it may be accom- 
plished by placing the basin in a sheltered situation, as weO as if 
it were freely exposed ; and if the quantity evaporated from the 
giimnd be required, the simplest and the most accurate method 
is that adopted by Mr Dalton. 

An atmometer, uiwn a very simple principle, was some years 
ago constructed by Mr Leslie. It consists of a ball of po- 
rous earthen-ware, two or three inches in diameter, into which is 
inserted a glass tube, so graduated, that the quantity of water 
contjuned between two divi^ons of the tube, would cover the 
outer surface of the haJI lo the depth of one thousandth part of 
an inch. The ball and tube being filled with water, the top of 
the latter is covered with a brass cap, which, by means of a 
screw and collar of leather, is made quite air tight, and the in- 
strument is suspended out of doors, freely exposed to ihe wind. 
In this slate the humidity exudes through the surface of the 
ball, just as fast as it evaporates, and the descent of the column 
in the tube indicates the quantity evaporated. As the pressure 
of the atmosphere is in a great measure removed by the tight- 
ness of the collar, the water is prevented from pastang through 
, the ball so quickly as to drop, while the space which it leaves 
empty at the top, is occupied by the very minute stream of air 
which is imbibed by the moisture on the outside, and may be 
seen rtang tlu-ough the water in the tube. 

This instrument, as we have found from numerous trials, is 
totally useless for a continued series of observations. The ob- 
vious imposabihty of using it in li^sty weatlier, is itself an insu- 
perable objection, but there is another which renders it equally 
unsatisfactory at all seasons of the y«!ar. Though a portion of 
fflr, as we have already remarked, is imbibed by the humid sur. 
face of tile ball, and rises into the part oi' the tube from which 
the water has subsided, it is in so small a quantity as to exert 
very little pressure on the surface of the water : TIio conse- 
quence is, that during a shower, the rain that falls on the sur- 
face of the ball is forced into the interior, so that the water 
again rises in the tube; and though the elaslidty of the air 
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above must at length count^ra^t this process, it is still sufficient 
to render the inditations of the instruineni altogether uni-erlaio. 
As a proof of this, we shall mention one instance among seve- 
ral others thai might be stated. On an evening of a dry sum* 
tner day the water in the tube of the atmometcr stood at 100 ; 
during the night there was a heavy fall of rain, and next inom- 
ing the surface of the liquid was as high as 15. This fact we 
apprehend is decisive as to the merits of the instrument. It is 
therefore totally unfit fur measuring the quantity of evaporation 
during an interval of any considerable length. 

The atmometer recendy invented by Mr Anderson, is an- 
doiibtedly the amplest as well as the most ingenious instrumeDt 
of the kind hitherto propased. It consists of a bent glass tube 
ABCDEF (Plate I. Fig- 5.), of sufficient widdi to admit of a 
liquid moving easily Irum one part to another, and swelling out 
into the bulbs BC and EF. Into diis tul>e at A is introduced 
a quantity of alcohol, which, after being conveyed into the bulb 
or wider tube EF, is thrown into a state of ebullition, and while 
the steam is issuing from A, tlie tube is there hermetically sealed, 
BO that the air is coni])letely expelled from the space ABCDE, 
The bulb BC is then covered with moistened silk or paper, and the 
instrument freely ex(X)sed. Inconsequenceof die pressure of the 
Mr being removed from the surface of the alcohol in the bulb EF, 
4 portion of that liquid jiasscs into vapour, and occujues the 
empty part of tlie tube. Were the whole of the instrument at 
the same temperature, this process indeed would quickly be 
stopped by the pressure of the vapour itself on the surface of 
the alcohol; hut as the bulb BC has its temperature reduced 
by the external evaporation from the moistened silk or paper^ 
the vapour which rises from EF is there condensed, and runa 
down in a liquid state into the tube AB. This distillation goes 

M more or less rapidly, according to tlie degree of cold induced 

the bulb BC, that is, in proportion to the external ev^w- 

1 ; and, consequently, the quantity of liquid collected in 

tube AB, is a measure of that evaporation. When the at- 

iphere is com^Vtely saturated with moisture, or when the 

evaporation temperature of AB will be the same 

that of any ? tube, and the disulladon, therefo 

I, will also cease. 
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The measure of evaporation Uius found, ie expressed in 
indies and decimals of on inch, by means of an attached scale 
<5H, the divi»ons ol" which are determined by expeiimenL 
Suppose, fur example, that the instrument la exposed to similar 
vircumsUnces iviih an evaporating basin, and that tlie quantity 
«vaporated from the latter In a given time, as determined either 
l>y waght or measurement, is Ibnnd to be one-tenth of an inch, 
-while the alcohol distilled by tlie former in the same time, fills 
che tube AB to the depth of one incJi, then the scale being 
«livide<l into inches and tenths, will indicate tenths andhund- 
aredths of an inch of evaporation. By increasing the proportion 
letween the diameters of EF atid AB, the quantity of evapora- 
"Sion may be measured to any degree of minuteness required. 
3n u^g the instrument, the tube EF is to be sheltered trom 
x-ain by inclosing it in a case or cover, to prevent its temperature 
"fcang reduced below that of the atmosphere by subsequent eva- 
;{)oration ; and the bulb BC is to be kept constantly moist by 
Xneans of a small cup containing water attached to the tube im- 
Knediately below it, the silk or paper being in contact with the 
^raler, or from an adjoining vessel, as in the case of the hygro- 
lueter. The instrument is placed in a vertical portion, and is 
jtrepared for a new obsenatJon by inverting it, so tliat the dia. 
^Ued alcohol may be conveyed back to tlie tube EF. It is to 
l)e hoped, that this beautiful and ingenious contrivance will soon 
meet with that reception among meteorologists, to which its 
mentG bo well entitle it. This atmometer has already been con- 
structed, and is found to possess the utmost delicacy. It is 
probable that it may in time supersede the use even of the hy- 
grmneter. 



AiiT. Xl.—Sketcfi of the Distribution af Rocks in Slielland. 
By Samuel Hibbert, M. D. M. W. S. SiC. (Continued 
from Vol. I. p. 314.) 

i-N the fonner part of my paper, I commenced with desciib- 
ing the more southerly strata of Shetland, situated at Fitful 
Head, which were found to consist principally of clay-slate, 
vitli the addition of gneiss and mica-slate. Tracing them from 
ue aouth, tlio whole were observed to be intercepted in their 
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course by s mass of cpidot'ic a^tiito, extending from Quettdal 
fiay to Spiggie. In the next place, I described the sand- 
stone or granular quartz extending from Sumburgh Head to 
the Islands of Moiisa, Bressay and Noss, distinguished by 
cont^ning no apparent fragments of other rocks, as of gra- 
aite, quartz and felspar ; whilst to the west of it was a cot^lo- 
merate sandstone, in whicti such portions were dissenninated- 
This conglomerate sandstone was associated ivith another rock, 
conEisUng altogether of portions of other masses, as of granite, 
quartz, felspar, and occasionally of gneiss. The whole of these 
conglomerate strata were shown to rest, by their inferior edges •, 
upon die surface formed by the superior edges of a variety of 
strata, as of quartz, mica-slata, gneiss, limestone, he. Lastly, 
were described the strata of die Cliff' Hills, lying to the west of 
tbe conglomerate rocks and sandstone, consisting of day-slate, 
whilst ag^, to the west of the clay-^ate, were ccrtiun associated 
Strata of quartz and hornblende-slate. All these strata were 
shewn to be in contact with the northerly hounding side of tbe 
epidotic sienite, which they met at an angle, or, in otlier wc»de, 
by an attachment of their lateral edges. Agoin, the associated 
strata of quartz and hornblende-slate were found fur a conside- 
rable distance to run nearly parallel to the strata of clay-slatei 
until, to the north of Scalloway, they began to be inflected 
to the eastward, so as to intercept, at Dale's Ness, the whole of 
the strata of clay-slate. But certain other strata of quartz and 
hornblende-slate, appearing to the cast at Dale's Voe, and again, 
■till more easterly at llo^ie Head, occurring certmn associated 
strata of quartz and limestone, these additional masses were re- 
presented in the character of nuclei, as affording attachments to 
new strata of clay-slate, which, in a more easterly direction, 
maintained a course &om one apparent nucleus to another. 

I shall now continue my description of the rocks in Shetland, 
in reference to tlie map annexed to this number, which is in- 
t^ded to represent a horizontal section of the country. Certain 
strata of limestone, ivill therefore he first noticed, situated to 
the west of •^" ^ssocaated strata of quartz and hornblende 
which we m Dunrossness. 
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■TKATA CONNECTED WITH THE tlSIESTONE OF TINGWALL AND 
CA.TF1BTH IDE. 

Here it is necessary previously to describe the mass of Lime- 
stone, mice I conuder it in the hght of a nucleus, as affording 
attachments to the lateral edges of certain strata of Mica-slate 
and Gn«9s, appearing at the same time to determine the extent 
and direction of their course. 

The Limestone of TingTvaU and Calfirth Voe. — East of the 
islands of House and Trondra, first appears, as we trace it from 
the south, an important mass of limestone, occasionally associa- 
ted with hornblende-slate. 

The form of the limestone, as represented in a horizontal sec- 
tion, is that of an elongated miun trunk or body tapering to a 
point, from which are given off two easterly ramifications. The 
Taaia trunk or body of the limestone may be traced in a direc- 
tion of N. 5" E. (which is at the same time nearly the direc- 
tion of the strata) from Honse Island to the Vale of Tingwall, 
and thence to the north of Catfirth Voe; its length being about 
thirteen miles, and its greatest breadth about 1200 feet The 
first easterly ramification which we observe, and which is deno- 
ted by a corresponding change in the direction of the strata, 
pasws through the Channel of Laxfirth Voe to Glitness. The 
second ramification passes through Vassa Voe, and the small 
isthmus of Brough, where, like the first, it becomes lost by the 
approach of the sea. 

7T4e MicO'date in the Peninsular Tract of Esrinck mid Glit- 
ness, S(»ith-east ^ Vassa Voe. — The mica-slate thus geographi- 
cally described, may lie also traced from the Mainland to the 
distant rocks named Grief Skerry, Rmnble Island, Linga, and 
Isbaster. These strata afford an example in thar junction 
with the Umestonc, of a circumstance of relative position which I 
formerly described. Here the lateral edges of the strata of mi- 
ca-elate are so opposed to the lateraJ planes of the strata of hme- 
stone, as to be intercepted by tliem. The general course of the 
strata of mica-slate, is from the main trunk or body of the lime- 
stone (if I may so name it), also from the southerly ramifica> 
tion of the limestone which passes through Laxfirth Voe and 
Glitness, to that northerly ramification, described as passing 
(hroiigh Vassa Voe and Brougli, by which it is intercepted. 
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^^^^^frhe direction of the mica-slste is very various, beitig from 
^^^KBf. Sd" E. to even N. CO* K., increasing in this respect as we 
^^^Fpiirsue on easterly course, calculated to cross the strata. The 
^^^■T dip is to the west, generally at angles of almut 45°. 
j^^f The Gneiss cfNcap, Lunn'mg-head, Whtdsey, and the Out- 
I tkerries.— Tracing these strata iu a general direction from 

S. W. to N. E. we find them, near the head of Catfirth Voe, 
taking their course as well i'rom the main trunk of the linie- 

t Stone, as from that Hortherly ramification which passes through 
Vassa Voe ; consequently the circumstance of junction imder 
which the gn^ss is found, is »mitar to that of the mica-slate last 
destaibed. Near this junction occur also small associated masses 
of granite, which seem to aid the limestone in affording at- 
.tachments to the strata of gneiE.s. 
Certain of the strata seem to be continued uninterruptedly in 
a north-easterly direction, through Neap to Whalsey and the 
Outskerries ; whilst at Lax Voe a mass of sienitc, about twg 
miles in length, and half a mile in breadth, is opposed to the 
rest of tlie strata nearly at right angles. Thar course being, 
however, resumed from other points of the sienite, the gneiss is 
variously continued to Lunning Head, to the islands lictween 
Lunning Head and Wlialsey, to the western coasts of Whalsey 
and the Outskerries, and to Meikle Skerry. 

These strata are much traversed by veins of granite, and oe- 
cosionf^ly by sienite. At the Outskerries oarurs a small round- 
ish mass of .sienite on the Wart Hill, probably 300 feet in dia- 
meter, and a considerable bed of limestone, about 400 feet wide, 
I the course of which is visible in a direction of N. 50° E. for a 

I mile and a half 
The strata, taking their course from the lira^tone, granite 
*nd aenite, to which tJiey are attached, are severally directed 
to different points of the compass, viz. from N. 35° E., by which 
direction they arc prol»ably continuous with the distant island 
.of Meikle Skerry, to N. 50" E., by irhich they meet the hme- 
Btone or sienite of the Outskerries. The dip is to the west, at 
' a variety of anelf"!. The strata are, however, much confiised 

by the occ '' '~ numerable small insulated masses of gra- 

nite, seldo o or three feet in widlli. These & 

nplete epitomes of the different < 
'CUT tbose mountain-masses o^ 
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dependent form, which, in relation to the strata attached to 
ihem, I have conceived of in the light of nuclei, since they 
assume every variety of poalion and form, and tiieel slTata 
at all possible anglea. Thus I consider, that a atiitly oi' the 
comfiiions of junction, under wliicli small insulated masBen of 
, granite^ sienite, porphyry, limestone or hornblende, are found 
with the strata which they traverse, will afford the raosl direct 
examples of the distribution of rocks of a similar kind, when, 
from their greater magnitude, we may consider them in the 
light of mountain massca. The rocks which diatitrh the course 
of strata, appear in fact, independently of magnitude, to differ 
from each other in two respects only. Certiun strata attached 
by their lateral edges to rocks which I have reganled under the 
character of nuclei, may, in the first place, be observed to ter- 
minate alWigetlier at the place of junction. From no otiier re- 
taaining points of the mass is a resumption of such strata to be 
found. On the centrary, cither a new series or system of rocks, 
OF strata of a similar kind, arranged in a totally different order, 
or perhaps with a direction and inclination equally varying, de- 
nt their origin from the remaining and generally opposite 
points of the .nucleus. Secondly, Certain strata attached to a 
rock by dieir lateral edges, are not altogether terminated or in- 
tercepted, but only by such an oc«mrrence mternipted in their 
course. We find that, from other points of the interrupting mass, 
arailar strata are resumed, but frequently with some disturb- 
ance in their line of direction or dijt Untier this view, every 
small insulated mass or vein which traverses strata, is a nucleus 
of a subordinate kind, which interruirts and disturbs, but does 
not eventually terminate the course of strata. 

TIIK STRA.TA OF LtTNNA NESS. 

Lunna Xess is a considerable headland, conslitutJiig tlie north- 
easterly extremity of the Mainland of Shetland, 

These strata conast ol'^eiss, appearing, from their proximity 
to the rocks of the same name last described, to form Ei part 
of them. The strata, however, of Lunna Ness are a distinut 
system. They exhibit certain imperfect manifestations of a con- 
glomerated structure, by contmning angular portions of quarUi, 
which, however, most frequently graduate into the substance of 
the containing rock, The strata are traversed by numerous in- 

* ited veins of granite, and occasionally by those of sienite. 
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^Two or Uiree miles to the south of Lunna, at the head fli 
K Voe, may be noticed a small mass of sifnite, together witll 
"cdateii strata of quartz and limestone. These rocks, like D 
I, afford attachments to the strata of Lunna Ness; ondsiOt 
jrdingly we find, that in tracing tlie strata m a northerly dir 
ition from this, tlie most southerly point in which they occur* 
leir course is continued in a direction of N. IS' or 15" E. to 
e extremity of Lunna Ness. Here the sea precludes a knovr? 
e of the rocks by which Ihey are intercepted to the nortb; 
mt it is probable that the strata of Lunna Ness may be idend- 

wiili gneiss of a similar conglomerated structure, occurrinB , 

D the island of Hascosea, or with the strata of Fetlar, which Ub , 

tcrcopled by the serpentine of that island. 

The dip of the gneiss is to the west at various angl_ . 

A little more iJian a miie to the north of the mansion a( 

Lunna, are two or three reniarkahle detached rocks, named tJl* 

Stones of Stepbis. Of these the largest is alwut twenty-threr 

feet in height, and ninety-six feet in circumference. No objectj 

of geological notice have excited greater attention than fraj 

ment£ of this nature, regarding the origin of which, scarcely ai 

opinion can be offered more tlian amounts to mere surnuEe. 

In the present instance, it is to be conjectured, 1st, That 

these enormous detached masses cannot have undergone ao]r 

y distant removal, since they repose on rocks of precisely k. 

lilar kind. Nor, in the 2d place, docs it appear, that th^ 

^ve been loosened from rocks of a greater altitude, since th^ 

themselves occupy the most commanding site in th^ immedtl 

ate vicinity. In the 3d place, If we are inclined to con^d^ 

thorn as the detached remains of a pre-existing rock, being tiff 

only parts whicli have escaped a decomposition by which t 

rest of the rock had been removed, atiil we mast admit tJ 

^ euch a disintegrating process must, to any perceptible extenC 

! long since ceased ; since, of all rocks in Shetland, tbS! 

mes in question^ from the quantity of quart);, and the Tittlik 

l''Tar whicli tlicy contain, are the least prone to decompositit^ 

it sucli a delacJied state is, therefore, an original condition at 

e rock, I sh^ " iter as the most rational conjecture, unt 

It of a more advanced state of 

it forward to prove the contrai 

I prcsuit, I I J convinpcd, that s 
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mm must have been essential to the primary condition of rocks, 
or to the particles which make up their ingredients. The con- 
trary, indeed, is rendered more probable, by appearances ob- 
servable in other parts of the «-orld, whidi are witli equal diffi- 
culty attributable to the decomiwation of pre-existing rocke, or 
to debacles. 



STKATA CONNECTED WITH THE SIENITIC AND LIMESTONE MAS- 
SES OK THE CENTRAL UISTILICTS OF SHETLAND. 

The examinaljon of tlie central districts of Shetland, chiefly 
comprised in the Mainland and the islands in the Bay of Scallo- 
way, will afi'ord additional reason for regarding certain rocks in the 
light of nuclei, as alfording attachments to tlie lateral edges of 
strata, and determining the extent and direction of their course. 
The rocks which are principally concerned in the distribution of 
the strata now to be described, are four in number. The first 
is a mass of epidotic rienite, which may be designated, from its 
situation, as tlie south-westerly mass of epidotic sienJte ; the se- 
cond is a massof limestone extending from Weesdale Voe to Dale's 
Voein the parish of Delting ; the third is a mass of sienite occur- 
ring in the vicinity of Olnasfirth Voe ; and the fourth is a consi- 
derable mass of ^enite, chiefly occurring in Hagrasetter Voe 
and Yell Sound. 

Now, since tlie order in wliicli I notice the strata is, as tliey 
are crossed from east to west, their course being at the same 
time traced from their southerly to tlieir northerly points of at- 
tachment to other rocks, the strata to be described will, in rela- 
tion to the nuclei which appear to determine their course, distri- 
bute themselves in an order that may be ea^Iy tbUowed. AC- 
ter, 1st, describing certain strata of St Ronan's and Colsay, 
the relations of which, from tlie advances of the sea, are very 
obscure, and which, on hare probabihty, are supposed to main- 
tun a course from tlie south-westerly raa?s of epidotic sicnilc, 
I ^allf Sdly, proceed to describe strata with less doubtful 
RlationB, as probably mainbuniog a course from the south-west^ 
erly mass of epidotic sienite, until they are observed to be inter- 
cepted very far north by the limestone of Weesdale Voe and 
Dale's Voe : Sdly, will be described strata, the relations of 
which are sufficiently evident; these maintain a course from the 
Koutli-westcrly jnass of fpidolic sienite, to the sienite of Olnas- 
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firtii Voe : and, 4thly, strata will be noticed, which roainta 

course from the sienite of Olnasfirth Voe, to the sienite of 1 

grasetter Voe and Ytll Sound. 

1. Strata, the relations of which are obscure, but correct 

' to maiKtaiit a course -from the soulh'weirteHymaM<^-E 
dotic Sienite, until they are intercepted by the lAmcttont'i 
House Island and Trondra. 

Here I shall take the opportunity of first noticing the s 
westerly mass of epidotic wenite ; and, in the next plac^ ) 
fitrata of St Ronan's and Colsay. 

Sout/i-reesterly mass of Epidotic Sienite. -—Tins i 
the length of its course, which is fifteen miles, far excee<£n^H 
breadth, which is never greater than a mile and a half, would'o 
named by geologists a Dike, Being first observed near Coleness 
in the island of Burra, it may be traced in the numerous contigu- 
ousislands androcks, bearing the names of Papa, Oxna, Cheneys, 
the Stags, Hildazoo, the Sandistura Hocks, and Foreholm: 
from thence to the Channel of Sand Voe, Bixeler Voe, and, last- 
ly, to Aith VoCi in the parish of Ailhsting. The rock contains 
much epidote, besides hornblende, and is occasionally j; 
ritic, fonning, when polished, a beautiful ornamental stone. 

Strata of St Ronan'a and Colsay. — At St Konan's, 
pE^nnsuIa near Bunrossness to the west of the Cliff Hills, ^ 
cross a series of strata, consisting of mica-slate, and of a gnd 
which, in the skerries to the west of St Honan's, is porphj-rf 
The dip of the strata is to the west, at various angles, avpraj 
"45°. 

It may be stated, that the mass of epidotic mentte, 
sented by numerous islands in the bay of Scalloway, is probi 
continued through the channel of the ocean, so as to meet'll 
Menite of a similar kind in Dunrossness. For if the lin 
annexed map, which represent the hoimding sides of each mass 
of sienite, be produced in verj- nearly the customary direction 
in which we have traced them, they will lie found to join, or to 

continuous. The lines also would pass so near tlie south of 
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^'Strata supposed to mainlain a course from the sout/t-wrster- 
^■'h/ mass of Epiihiic Sienite, vntil they are intercepted hy tks 

Limtslone ea-lendlnff from Weesdale Vve to Dale's Voe, »»» 

Yen Sound. 

After deicribinj the maSs of iinteston^ whieh mtercepS thfr 
strata to the north, we shall be better prepared to con^der th« 
relations of the strata both to the epidotic sienite and to the 
limestone. , ' 

Limestone contintwiis from IVsesdale Voe to Yell Sound. — Tht& 
mass of limestone, of an elongated form, eighteen miies long, and 
about twelve or fourteen hundred feet wide, first makes its ap»- 
pearance, as we trace it from the south, in the archipelago of isl 
lands near the mouth of Weesdale Voe. From thence it is con- 
tinued in a direction of nearly N. 18° E. to the head of Weesdale 
Voe, and over a covered country as far north as the head of Ol- 
nasfirth V'oe. Here the limestone assumes a new direction, being 
inflected considerably to the eastward ; it thus continues in its 
new course to the east of Dale's Voe, in Yell Sound, disappear- 
ing at length in the peninsula of Foreholm. 

In order to shew the mode by which the strata are intercept. 
ed by those of the limestone, I shall on this occasion consider 
ihem in an order the reverse of that which I have hitherto 
adopted. This is the order in which they would successively ap- 
-pear to us as we cross the strata from west to east, after leaving 
the limestone of Weesdale. 

Strata of Bencneas, and the hill named the Long Kame. — 
These strata are of mica-slate, approaching, however, by the 
slight presence of felspar, to the nature of gneiss. The rock is 
•distinguished by the dark colour of its mica. These strata 
may, at the point of Beneness, and the islands of Havery and 
Longa, be obBer\cd in tlie immediate vicinity of the cluster of 
rocks and islands which denote the track of the epidotic sienite. 
At the island of Papa the junction is manifest. Thus there 
can be little doubt, but that the course of the strata is derived from 
the sienite. This course is maintained nearly as far north as the 
head of Olnaafirlh Voe, in a direction almost parallel to the course 
ot the limestone of Weesdale. But at Olnasfirth Voe, where 
the limestone begins to be inflected in its course to the eastward, 
the lateral edges of the strata of mica-slate, which do not de- 
viate in ibeir line of direction, begin to be successively o^^^ed 
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to the lateral plnnes of the strata uf limestone, until a omplets 
interception of tlie mica-slate is induced. The general direc- 
tion of these strata is about "S. 12° £. ; the dip is to tbe weit 
at angles from iS' to 70°. > 

The strata continuous from the /sUtnds vf Great ani 
Little Havery, near Dunrossjiess, to t/ie Islands of Ye^ 
Sound, — These strata are of irneiss, witli the exception <A' a fen 
lo the ea.st of them, which are of mica-slate, and they are txa| 
versed every where by insulated veins of granite, which oflai 
cont^n talc in the place of mica, and occasionally by tiorablendi 
and sienitc. We trace this very con^derablc mass of gneiss froqi 
Great and Little Havery to the large islands of House and 
Burra, to the west of Trondra, to the Mainland west of Scalla 
vay, where it forma a long chain of hills, named tlie EaBtcr^ 
Same, extending to Swlmiin Ness and Colafirth Ness, in Ydf 
Sound, to the peninsula of Foreholm ; and, lasdy, to an ia 
liBnd in Yell Sound, named Weatherboljn. 

At Coleness, in the Island of Burra, where the cjndotic b 
its, as we trace it from the south, is first manifested, the strata <]| 
gn^SG appear in junction with it. But ance the continuity t^ 
the q^idotic sienite ivith the similar rock of Dunrossness, already 
described, cannot, from the inroads of the sea, be establishes 
ve can only speak to die great probability diere is, that the sti^ 
ta of gneiss derive tlieir course from the epidoiic sienite. ThJ 
couree is uniformly continued In a stratified direction of N. 1^ 
E., until the gneiss, a little north of the Head of Olnasfirth Vo^. 
begins to be opposed to the limestone extending from Weesdale 
Voe to Dale's Voe. Tlie interception of the mica-slate of tha 
I.ong Kame having been accomplished, that of die strata qf^ 
gndss situated to the cast of it follows: accordingly, the coutm 
of the greatest part of the strata is manifestly terminated in tlig 
penbisida of Foreholm, wlucli is the moat nordierly point t^ 
which we can trace the limestone. It is highly probable, thi^ 
ID tlie channel of Yell Sound, the interception of the few r^ 
maiuing strata is completed. 

A Biibordinat*' f limestone of a very pure quality, occuif 

iif the island o ry, whilst another, five miles loHj 

and (wo to thn broad, may be traced from lip 

Urjd^ connect f House and Burra to Burwid 
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on the Mainland. The striita ilip to the west at a variety of 
an^es, generally about 45". 

Lvmestone of Uatanesa. — A mass of limestone, pesenting in 
a horizontal section an elongated form, and tapering to a pmnt, 
is interposed between the niica-slate of Beneneas and the gntas* 
last described. It is eight miles long, and its greatest breadth 
exceeds sixteen hundred feet. The direction of the strata is 
Dearly due north, varying some Uttlc from that of the strata on 
each fade. That this intei'posed mass of limestone has t}ie ^l«ct 
of intercepting strata, is shewn b^ a diminution of the breadth 
of the gnmss, to an extent corresponding to the space occupied 
by the limestone, 
9. Straia maititaining a cmirse from tlic soulherly Mass of 

Epidotk Sienite to the Sienite of Olna.ifirth Voe. 

Here a proper occasion is afforded for describing tJie sien:te 
of Olnasfirth Voe : wo shall then have two imstratified masses 
made known to us, which, like nuclei, appear to determine 
the course of connecting strata. 

Sienite of Olnasfirth Voe. — Tliat pari of the mass whicli 
occupies tlie bed of Olnasfirth Voe, is distinguished by its dark 
colour, and by containing very little mica. But to the north 
and north-west of Olnasfirth Voe, another rock of sienite is an- 
nexed to it, which is characterised by the quantity of cpidote 
which it contains. In this additional mass of epidotic sienite, 
there is much less hornblende and more felspar, than in those 
rocks of the same name which I bave before described. The 
magnitude of the rocks taken collectively, may be estimated at 
five miles in length, and one mile in breadth. 

Mica-Slate of Weesdale Hill. — This rock is distinguished by 
the light colour of its mica ; it also contains some trifling quan- 
tity of felspar. The strata most unequivocally maintain a 
c6urse from the epidotic sienite in tlie Bay of Scalloway to the 
«enitc of Olnasfirth. In their course they form a chain of 
hills, which, irith the exception of Honas Hill in North Marine, 
are the highest in Shetland. The elevation of the h'dl at Wees- 
dale is estimated at about 1200 feet; Scallowfield, a more 
northerly eminence, is somewhat higher, and there is a very 
conuderable hill bounding Olnasfirth Voe. The direction of 
these strata is about N. 12° E., like that of the other rocks dc- 
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scribed. The dip is generally to the v 
nearly vertical. 

Gneiss extdtding from^ ForancM and Rusantss to Grotms- 
■nesa in Olnasfirth Voe. — The gneiss thus described, which ia 

.much traversed by insulated veins of granite, has a direction of 
N. 12' E., dipping to tlie west at angles of alwut iS*. The 
course ui' the strata is from the epidotic Menite of Sand Voe 
and Bigsetter Voe to the sienit^ of Olnasfirth Voe. In the 
gneiss of Selanesa in Aithvoe, may be observed the vein of gra- 
nite to which I formerly alluded in speaking of the conglomerate 
rocks. It contina rounded concretions six or eight inches in 
length, and these, if wc were ignorant that they were taken 
from a rock exhibiting in no other instance appearances of a 
mechanical ori^n, would be readily conceived of as water-Wi 
pebbles. The vein is six feet in width. 

At the Burn of Taitagill, where the gneiss and the Wet 
mica-slate pass into each other, an extraordinary quantity of por-3 
celiun earth is accumulated, by the decomposition of the felspurj 
which the gneiss contains. No experiments have yet 1 
made to ascertain if the substance is applicable to the artaaj 
it is thus found on the estate of Jolin Ross, Esq. of Weesdale. *■ 

4. Strata inamtaining a course from the Slcnite of OliuiM^ 
Jirth Voe to the Sienite of HagraneiiCT Voe and Yell Sound. 
Our notice of these strata, previously leads us to that of tl 
most northerly mass of sienite remaning to be described. 

Tlie Sienite of Hagiasetter Toe and YeB Sound. This mM^V 
of sienite presents, in a horizontal section, somewhat of a pyii^*| 
form appearance, the outline of which may bg traced by com- 
mencing our investigation from the grounds of Thomas Gifford, 
Esq., close to whose mansion the rock first appears. The 
boundary line may then be traced north, along the western 
banks of Hagrasetter Voe, the western ade of the peninsula of 
Glus, the extremity of Ollaberry Ness ; then in a south-easterly 
direction in Yell Sound, through the islands contiguous to e " 
other, named Bt ' ' 'and. Little Ilhoo, Biga, and SampI 
ray ; thence to the Mainland, and in a wei 

direction to Gii is then continued in the I 

Hagrasetter Vc however, in the islhmu^ 4"?! 
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ing that channet from Busta Voe ; aiid, lastly, wc return to ita 
southerly origin at the grounds near Buata. The acnite, as we 
thus trace it, is 3S milea in circumference. Its utmoGt length is 
IS, and its greatest breadth is 8 miles. 

At Tofts Voe, and in the liilands uf Yell Sound, tJiis maaa of 
sieiiite has a conglomerated structure, containing large appa- 
rent angular fragmentB of hornblende, some also being so round- 
ed, as to impress ujKin the mind, at first sight, the existence of 
■water-worn pebbles. This notion will, however, receive little 
support from the frequent graduation of such apparent pebbles 
into the substance of the containing mass. A circumstance most 
meriting attention in our examination of this rock, is the occa- 
^onal appearance of strata of gneiss in the very centre of the 
sieiutic ma^. Such strata are, however, of inconsiderable extent, 
seldom exceeding a quarter or half a mile in breadth. This 
manifestation of included strata af gneiss, is obser^-abIe near 
Tofts Voe and Brough, on the sliores of Yell Sound. 

Gnansand Mica^alule betwee^i Hagrasetler Voeand Dale's Voe. 
— These strata, bounded on the west by part of Hagrasetter Voe, 
and on the east by Dale's Voe, may be traceil in the northerly 
direction from iheir attachments to the sienite of Olnasfirlh Voe. 
They tlius maintain a course from tlie sienite of Olnasfirlh 
Voe, to the sienite of Hagrasetter Voe and Yeli Sound. 

The strata consist for the most part of gneiss, but to the cast 
the felspar becomes evanescent, and we have rocks possesenng 
more the character of mica-slate. Tlic strata to the west have a di- 
recUon of alioul N. 15° E. ; but as we cross them from west to 
east, die direction laries accorihngly, by being more easterly 
also. The dip is to the west, at angles from 45° to 70°. 

I have at length concluded my account of the strata connect- 
ed will) tlie sienitic and limestone masses of tlie central districts 
of Shetland, with the exception of strata deriving their course 
from the northerly bounding side of the sienite of Yell Souml, 
and certain strata to the west of that part of the epidotic sienite 
which extends from Sand Voe to Aith Voe. These rocks will 
be described in bringing to notice other mountain masses, pO»- 
Ks^g in like manner the character of nuclei. 

i ~ 
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AxT. XII- — Account of a Sublerrancan Glacier 
cmttaitiing regular crystals (flee ». 

»A HE only sublerrancan glaciers which are generally ki 
ya ewst in temperate regions, ore those oi" Beaume in Ftj 
^selitz in the Carpathian Mountains, and Fondeiirle in 
pouth of France, The two first of these have l»een slightly 
Jjiced ; but, in so far as we can learn, the subterranean gli 
of Fondeurle has not yet been described in our language. 
The Fair of Fondeurle is the name given to a very ex 
meadow, about twelve miles to the north of Die, in the di 
ment of the Drome, in the great calcareous sub-alpine range i 
' the south-east of France. This meadow is situated above 

limit of the wood, which here terminates at the height 
51i7 feet above the level of the sea, and is bounded on 
north and east by a high calcareous crest, while in tlie south S 
joins the Col de Quint at Fondeurle. In the month of 
the Fair of Fondeurle is held upon this plain, and all the 
dealers of the neighbouring mountMns, in spite of the diilicull 
I of access, bring hitlier their flocks, which have sometimes 

mounted to 1000 mules, 4000 cows and oxen, from 15,000 
20,000 sheep, and from 1000 to 1200 goats. 

The soil of Fondeurle is horizontal and smooth. It has theg 
appearance of an andent lake, which has been filled up by 
detritus of the mountains ; and upon careful exantinatioa it 
pears to cover an immense cavern, in which the brook that i 
verses the meadow from the east to the south is lost. If, insti 
of descending the Col de Quint, we tuni to the left of the Fair, 
we discover numerous and extensive caverns, several of wliich 
have been destroyed, and whose ruins produce the most curiouB 
and exlraordinai'y efiects. The whole surface of the mountain, 
indeed, from the Fair of Fondeurle to the Wood of Vascieux 
to the east, presents the same appearance ; and we witness only. 
calcareous strata torn riown and distorted, heapsof stones, clefts, 
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0.005 of a millimetre, presented facets which repkioed the 
nal edges, that fanned the junction of the prism with its 
They could not, however, discover any crystals with 
summits *. 

Having thus examined the form of the icy crystals, the 
vellers resumed the lights ; and having placed them in the 
clear and best crystallized parts of the cavern, they 
ed themselves in having produced, amid the ruins of the 
of the desert of Fondeurlc, an elSect worthy of all that the ma— v 
gical palaces of the Thousand and one nights bould present 
the richest said most brilliant imagination. 

The floor of ice is occasionally dug up, and carried to 
nearest to\vns, and even to Valence, which is more than 
leagues distant. ^ 




AsT. XIII. — Observations on the Natural History tf Hu St 
tuianria gelatinosa of Pallas. By John Fleming, DJ). 
F. R. S. £. and M. W. S. Communicated by the Author. 

xxLTHOUGH the penetrating genius and perseverance 
Ellis elucidated the characters of many species of Sertukria^ ' 
which occur on our shores, much yet remidns to be done, in cr*^ 
der to complete the history of this beautiful tribe cf zoophyttis.^ 
Since the days of our British Lynceus, however, few observent- 
have turned their attention to the study of these animals, so «s- 
to make us acquainted with new species, or to extend our know^ 
ledge of the economy and distribution of those which have aU 
ready been described. 

In 1800, Mr Adams published a description of what he eon* 
ffldered a new species, and which he termed S. imbricaia, hk 
the 5th Vol. of the Linnean Transactions, p. 11. Tab. 92. 
fig. 6. — 11. M. Lamouroux, however, in his valuable work 

* Hexahedral crystals of ice have also been observed by M^ Hassenfrata and Mr 
Scoresby ; and we have been informed by Mr Scorebby, that when thiolc mwee 
of ice were left to thaw upon deck, they always presented the rude outline of 
six-sided prisms. Rome de Lisle, M. d' Antic, and Mr Scoresby^, have also detect^ 
ed octahedral crystals, formed of two four-sided pyramids. These cryitnlHirtloiii 
are strictly conformable to the optical structure of ice, as ascertained hf Df 
Bi«wster. Sec PhiL Trana. 1818, p. 311., and Edin. Enyck Art. Ics. 
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*' Uistoire des Polypiers coralligcnes flexiblen," p. 184. ap- 
pears to entertain doubts of its animal nature, and to consider 
it as belonging to the tribe of sea,-wccds. The imperfect de- 
acription, and the indistinct figures which are given in iUustra- 
tioD of its characters, justify such suspicions, and point out the 
necessity of a new examination of the species, before its sta- 
tion can be assigned with any degree of confidence. 

The Sertularia pennatula oi' Kills, (Zooph. p. 56. Tab. vii. 
£■ 1, S-), supposed to be an oriental spedes, is a native of the 
shores of Devonshire. This discovery we owe to the late 
Geo!^ Montagu, Esq. well known as the author of Testacca 
^ritannica, and die Omitliological Dictionary, who, in a letter 
dated 27lh December 1808, informed me of the c'uxium stance, 
and subsequendy transmitted a very fine native specimen. This 
celebrated zoologist had paid great attention to the zoophytes of 
the English shores ; so that his death, which took place while 
arranging ihe infomialion which he had collected during a long 
period of active research, may be regarded as a national loss. 
In consequence of my entreaties, he composed the paper on 
British Sponges, which appeared in the Memoirs of the Wer- 
nerian Society, Vol. ii. Part 1. and which exhibits the fruits of 
much industry and acuteness. Had life been spared, it was hia 
intention to have methodised his observations on the Linnean 
genus Alcyonium, of which, from his letter, dated 2d Novem- 
ber 1811, it appears that he had determined nearly forty British 
^ species ! Fortunately for the interests of science, bis valuable 
ooUecdon was purchased by the public, and now forms a part of 
the British Museum; so that we may look with confidence to 
Dr Leach, the zealous and intelligent zoologist to that esta- 
blishment, for an account of the numerous rare and undescribed 
species which it contains, the monuments of the merits of his 
deceased countryman. 

In the month of November 1808, I observed a new species 
of Sertularia among the refuse of the oyster-boats at Newhaven, 
and, in the following year, I found the same species, both at 
Aberbpothick and in Zetland. It approaches, in its structure, 
Ihe 8. verticiliata of Ellis's Corallines, p. 2. No. 20. Tab. xiii. 
fig. a A, but differs from that specJes, besides other characters, 
in its irregularly disposed, and nearly sessile cups. Having 
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oimiink-atcd specimens of this zoophyte to my sctentiflc 
friend and correspondent, Mr Montagu, he recognised it b» 
I species which he had found on the shores of Devonshi 
and on which lie was disposed to bestow the trivial name 
tnom.— But I cannot, at present, enter into the details of 
history of this or other new species, having akeady wan< 
far from the ohjcct of the presiint communication, in which I 
posed to mysell' to give a description of the Sertutaria gelat 

Inosa of Pallas, with some remarks on its liistory and economy- 
iS*. gelatinosa. Stem composed of tubes ; branches in pairs, 
divaricate, sub-alternate ; denticles on foot-stalks, alternate, 
bell-shaped. 
. Coralliiia filiformis rajnosa pedunculis calyculonim coni 
f Ellis's Corallines, p. S3. Tab, xii. f. c. C, Tab. xxx- 
■ f. a B, C, U. 
■ Sertularia gelatinosa. Pallas, Elenchus Zoophytorum, p. III 
No. 67. 
The base of tliis Sertularia, by which it adheres to stones, 
•preading and spongy, and consists of numerous closely inl 
woven tubular fibres, which rapidly approach to fonii the stem. 

The sleni rises to nearly a fool in height, and is so flexible as 
to move with every agitation of the water, It is thickest at the 
base, where it consists of numerous tubes ; but as these dii 
nish in number, until, at the top, there can only be perceivf 
a single branched thread, it tapers gradually to a point. It 
nearly straight throughout, and is seldom divided. 

The branches are disposed round the stem in nearly an alt( 
I nate order, and as they are longest towards the base, and gradui 

^^B diminish in length towards the summit, a graceful tapering oi 
^^H line is produced. They occur in pairs, which have their orij 
^^B jiearly at tlie same point. They are not formed from the 
^^^k temal tubes, as in some of tlie other Sertulariie with compoi 
^^H atems, but from tlie central ones, those at tJie surface tui 
^^F aside to admit their exit. Tliese branches proceed from 
' stem in nearly a perpendicular direction, and diverge from 

I other at an anplw ^'' 'liout 45°, Each branch is acutely 

cal, giving oi ' > base, subordinate branches, liki 

in p^rs, sim ) the mdn stem ; at last these be- 

come altcrnat ' shortening, the subordinate stem 

^^pports only w, and c\tY\ei \Kta«t\o.'«»isi.V«ii 
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denticles, in a single one, or in a clavate mass, containing the 
xudiments of a future denticle and polype. 

The dentictts are terminal, and are supported on sliort foot- 
stalks which issue from the stem in an allemate order. They 
«re bell-shaped, somewhat produced, with an entire margin. 

Tlie vehicles are ovate, approaching to cylindrical, with a con- 
tracted truncated mouth, covered with a hemispherical lid. They 
«re solitary, nearly sessile, and arise in the divisions of the bran- 
ches or of the foot-stalks of the denticles. At the point of separa- 
tjon of the larger branches there is usually a small twig, sup- 
parting two or three denticles with vesicles. 

The stems are of a brownish colour, opake, and of a 6nn 
tough conastence, but in approaching the extremities they be- 
come soft, colourless and transparent, so that the central stem of 
the polype can be easily distinguished. Immediately above 
every division, whether formed by a brancli or foot-stalk, there 
are several transverse wrinkles, varying in number, being sel- 
dom fewer than three, or more than six. Similar wrinkles oc- 
cur on the foot-stalks at the base of tlie denticles. The stems, 
at the divisions of the branches, are a little thickened, wliile 
the foot-stalks at the base of the denticles arc slightly attenuat- 
ed. 

The body of the polype is distinctly visible through the 
transparent covering. In the branches it is somewhat dusky, 
but becomes paler towards the denticles. The foot-stalk of the 
polype, which corresponds with the foot-stalk of the denticle, 
is narrow, but it suddenly enlarges in the denticle to form the 
body, nearly of the same shape witli its covering, at the sum- 
mit of which the tentacula are disposed in a circle. These are 
about twenty in number, linear, blunt at the extremity, and di- 
vided into about ten rough raised joints. Above the circle of 
tentacula there i« a globular head, containing tlie moutli. The 
polypes are not very irritable ; for, even when pricked with a 
needle, they seldom retreat completely within tlieir covering, 
and when left at rest, soon expand tliemsclves, the summit of 
the body becoming even with the margin of tlic denticle, and 
the tentacula diverging or folding backwards on its external sur- 
face. When in an active state, I have observed the water 
^ken in at the moutli descend, for the space of several second.^, 
'ft the gelatJnons j-arontiiynia of the body ani ?oo's.-*\a!!t.. 
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and again return to be ejected. The fluid thus circulaung, did 
not seem to move in a solid body throiifih tubular vessels, but 
be divided into minute glabufee, which permeated a cfUular 
icture, 

a general, there are several principal uteins adliering to the 
le stone, and a few younger ones springing up at their base, 
in the situation in which I have observed ihem, they are nevCT 
permitted to outhve the winter, being cut ofT during tliat seaaoii 
by the drifted ice. They appear to be very comman in the 
Tay above Balnicrino, towards Flisk beach. It is at this latter 
place only where I have observed them in situ. Here the 
water is brackish, and its other conditions, as influenced try the 
tide, have been detailed in my paper on tlie " Junction of ibc 
^reeh water of rivers mth the salt water of the sea," in the Tmn^M 
the Royal Soc. of Edin. vol. \m. p. 507,-513. ^ 

This species is vivacious, the polypes bearing to be kept oiflH 
of the water for more tlian a day without perishing. It is in- 
deed a littoral species, living in places left dry every tide. When 
kept in water, without being changed, t]ie polypes soon contract 
■within the denticles, and the body of the polype ceases to be 
iWe in the stems. In some specimens, which I had aeglect- 
for upwards of a fortnight, the water not having been re- 
ed during that time, I (i^mid all the polypes in the denUclee 
elled up, and numerous white threads projecting from tbv 
iches. Upon examining the origin of these threads, I Ibund 
Ljllat some of them proceeded from the base of the stems, but nl 
leral they were formed from an elongation of the foot-stalk 
denticle, its cup having disappeared. The filaments 
l^juted, as in the stalks from wliich they proceeded, of a soft ixt^ 
':tering, and a contained medullary cord. The extremities of these 
filaments were clulvshaped ; and soon assuming tlie form of a 
denticle, gave opening to the tentacula of a ]>olype which had 
been fco-med within. The base of this new denticle was annu- 
Isted, as in the older ones. 

In the same pools i 
Tubidaria ra> 
been describe 
It differs fro) 
(kniaia, Une6 
and i 
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ij At CeUipora pttnikoaa in its perfect state. This new sps. 
cies, which I have termed F. umcomig, spreads its thin cruHt 
« fijo and etonea. The cells are contiguous, oyal, with a blunt 
vonical process at the summit of each. It often covers the stem 
of Ibe older specimens of this Sertulftria, Both the Sertularia 
•nd Tubularia are much infested with several species of Vorti- 
c*H^ among which the beautiful V. polypina la preeminently 
c^lDi^cuous. A small species of Coryna has likewise presented 
'tself, whose characters have not as jet been sufficiently ascer- 
tained*. 

The pneceding description agrees in so many particulars with 
***e characters which Pallas gives of hia Sertularia gelatinosa, 
*^*al I have adopted hia trivia] name without any suspicion. 
-Inhere is, however, one point of difference ou which it is neces- 
^*^»iy to make a few remarks, Pallas, when describing his spe- 
^^^es, says (Eleuchus Zoophylwrum, p. 117.) of the mouth of 
^~«ie denticle, " margine eleganter Lrenato" while, in the spedeS 
^^^liich I have described, the margin is plain and even. Bul^ 
■Vom tbe variety of aspects in which I have viewed the denticles, 
*w reference to the structure of their mouth, and ha\-ing used diffe- 
*^nt magnifying powers, I am satisfied that tlieir mar^ns are even, 
^uid suspect that Pallas has been misled by some appearances 
"Vhich likewise presented thematdves to me in the coui-se of ob- 
servation. The polype frequently retreats into the denticle 
■only imperfectly, leaving the extremities of the tentacula visible 
above the margin, thereby giving it the appearance exhibited 
"by the S. volubilis, in Ellis's Cor. Tab. xiv. f. A. It is only 
when pricked with a needle, or le:ft without water for a short time, 
that it retreats completely within the cell, and permits the margin 
to be viewed distinctly ; precautions wlucli, it is probable, Pallas 
^d not adopt. Besides, the numerous vorticellte which occupy 
the surface and margins of the denticles, give to the latter ia 
certdn combinations a crcnated appearance. 

Upon comparing the characters which this Sertidaria presents, 
with tlie different figures in Ellis's Corallines, I am led to con- 
ader Tab. xii. f c C, and Tab. xxxviii. fig, 3., as representa- 

" In the monlh of August 1817, I obsenod two spi-uies of Corynic alive in tbe 
Ml It the \ii\e of May, the C. aquanHila. and C. glandvIaiiL o{ Lamarck. Trofiissor 
fuun'I liie Tinner Kpecies in ihe 7.e\\ani Itlnnda in ITBBi and I have 
which I pirhed up at Abcrcnrn in 1606. 
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tions of youi^ specimens of the same sjxKiies. These figu» 
were certainly never drawn from specimens of S. genicukUa^ 
partially figured- at Tab. xii., No. 19. b B, to which Ellis 
himself was dis]X)sed to refer them, and in which opinion he has 
been followed by Pallas ; nor from S. dUhotoma, with which 
Solander (Zooph. p. 49-) assimilates them ; for the two species^ 
although belonging to the same natural genus, arc specifically 
distinct. From having examined this Sertularia in various 
stages of growth, and having seen it assume exactly the appear- 
ances which Ellis delineates, (with the exception of not having 
noticed tl>3 young polypes in the act of issuing from the veacles,) 
I am convinced of the propriety of adding to the S. gelati- 
nosa of Pallas, die references to the figures of Ellis which 
have been quoted. 

This species forms a part of the new genus Laomedea of 
Lamouroux, in the work already quoted, with a note subjoined, 
** an hujus generis P"^ To this question it is not very difficult to 
return a satisfactory answer. If either the Laomedea antlpa- 
thcs, which he first describes and figures, or the L. (Sertularia) 
spinosoy Ellis's Cor. Tab. xi. No. 17., which he quotes, be con- 
ffldered as the type of the genus, then the Sertularia gelatinosa 
does not belong to it. But it is related to this genus, if these 
species and otliers analogous be ejected, and L. (Sertularia) 
dichotoma and genkulaia be retained; for with these it has 
many points of resemblance, agreeing in the pedunculated den- 
ticles, and axillary vesicles. The Sertularia muricata^ which 
he has likewise appended in the same genus, presents cha- 
racters very distinct from all those with which it is associated. 
I possess a new species nearly related to the latter, from Loch 
of Belfast, given to me by Mr Templeton of Orange Grove, 
a gentleman well known as an accomplished botanist, and to 
whom the British Fauna is indebted for the Ephydatia {Spot^ 
gia, Lin.) canalium, examples of which I have hkewise obtain- 
ed, which he found adhering to the wall of the lock of the canal 
above lisbum, 22d September 1810. 

While sonic ?c-*«^'ilariaB, having stems consisting only of a 
single tul)e, -^Dport themselves such as S. abietina; 

others, equal icturc, require die support of other 

bodies^ as th( ule in a third tribe, several tubular 



:-*>• 



i' 



qf iA^ Sertularia Gelatinosa ^Pottos. 89 

i aze united for mutual support, in such a manner, as to pro- 

a compound stem, equally uniform in its outline, and sym- 

in its arrangement, as those in which the stem is i^ple, 

S^jtmmuii as S. yerticillata, halecina and gelatinosa. But, along 

?^!ilSA these differences of structure, there is no corresponding 

l.;iimiigement of denticles and vesicles, so that this character 

:• ;^Aich appeare at first sight natural, is in reality but of subordi- 

importance. 

The S. gelatinosa is not recorded as British by Berkenhout 

imt Turton. It is noticed as such, however, by Stewart, in his 

Ekments of Natural History, p. 444, without any reference or 

JKlfliority. Pallas indeed quotes, ^^ Corallina eonfervoides, 

gdatinosa alba, geniculis crassiusculis, pcUucidis, Ray, Syn. 

pu 84 No. 7.,^ as synonimous witli his S. gelatinosa. Ellis con- 

oders the species of Ray as the S. spinosa. We suspect that 

Bay referred to neither of these species, but to the S. genicula- 

Ca, with which his characters strikingly correspond. It is not 

probable, that so acute a naturalist would have omitted the 

distiiictive characters of the species which we have been con- 

mdfesing, had it ever come under his inspection. 

* As soon as circumstances permit, it is my intention to submit 

die genera and species of British Zoophytes to a critical exami* 

nalkiD, for the purpose of extricating them from the confusion 

in which they are involved, adding to their number several un- 

daicribed species which I possess, and preparing for the investi- 

gilifm of the extinct races which occur in a fossil state in the 

of Scotland. 

Maksx of Flisk, ) 
Sl&hOciober 1819. j 



Abt. "SklVn^An Account of a Map of the Countries suhject to 
ike King of Ava, drawn by a Slave of the Kin^s Eldest 
Son. By Feancis Hamilton, M. D. & F. R. S. & F. A. S. 
Lond. & Edin. Communicated by the Author *. 

XJuBiXG my residence in the Empire of Ava, from the 19th 
of March until the 27th of November 1796, I procured from 

* Tbif map will be given in next Number, along with the ccmclwa^orc^ c& >X!a 
Memoir. 
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the natives Beveral maps of dieir country. These, as might 
expected, were very deficient in accuracy [ Init I found 1 
people wiin<lerfully quick in comprehending the natore of c 
maps ; and some of (hem, to whom I could xcitder the occupth' 
tion advnnt^eous, very soon improved iJieir plans, and pr 
duced thawings, which have teti<led to throw much Ugbt on tl 
geography of what, in the 7th voiume of the Universal Mbtnr3r 
(London, 1759, 8vo,) 'vi caliLtl the Farther Peninsula afln^Oil 
A copy of these r.iaps, together with all the geographical infoi^ 
mation which I procured during my stay, was communicated lot- 
^^^ihe Governor-General, and used by the late Mr Dalrymple bb 
^^M|M>structing tlte map published by Captain Symcs in his i 
^^Hhunt of the Journey to Ava. Mr Arrowsmitlt, in his n 
^^Hkna, has followed Mr Dalryn)ple. In this map, the general' 
^^^btiine of the sea-coast, the southern boundary of China, and 
^^^Bb eastern boimdary of Bengal, may be ron»dered as fixed with 
^^^hiiCTable accuracy ; wliile the course of the great river to tbM 
capital of Ava, has been determined by the survey of Mr \ 
A survey by the same gentleman, fixing a considerRble pi 
of the Brahmaputra's course, has been introduced by Mr AkI 
rowsmith in his map of Asam, and serves to throw much light' 
on tho northem extent of the Fariker Penttuula. The gen»^ 
ral oudine of this region, together with the sources audi 
mouthi of many considerable rivers, has been thus fixed with fl 
considerable degree of accuracy ; while the detail of the interior 
remained to the utmost uncertain and inaccurate, as will appeal^ 
from die account given in the Universal History, where every 
thing known, at the time when it was published, has been coIj 
lected with great care and judgment. It was at one time my 
intention to have wrought up my materials on a scale larger than 
Mr Dalrymple's, and perhaps I may still do so ; but in th»^ 
raemi time, I think it may be interesting to pubhsh some of th» 
ong^nai maps, exactly as drawn by the natives, hut reduced to 
as small a scale aa can be done consistent with exactness. To^' 
gether with the maps, I shall add some short explanations, that 
may appear ne- 'o render them intelligible to Europeair 

men of science 

Some of th ""uTnished mc with the maps, ^ 

afraid, or, to t 'ard, pretended to be afrai_tj, tj 
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&ai Donduct might give offence to their guvcrnors, on which 
they rubbed out most of the names, aa written in the 
fmfia character, lest their hiUiduriling might discover them. 
I wts therefore under the neces^ty uf writing the names 
in ft hurried manner, trusting aloaie to tlie ear, which is very 
fUladous; but as several of my authorities did not judge this 
[iTMBution necessary, and as many of tlieir words were not rub- 
bed out with much care, I hiive I'ound means, by the assistance 
of ua intelligent native of Uawte, with wliom I met at Calcutta, 
to restCHV almost every name to its proper character ; and this, 
*We at Amarapura, I learned to read and write, by the asaat- 
*'**oc of a young man, son of the officer appointed by die king 
*** supply the wants of the embassy to wluch i belonged. At 
***ie time, I fonned a scheme ftjr expressing ibis character by 
*^r letters, and widi the names thus written, the maps were 
^nt sent to Europe ; but as I lind that a scheme for the same 
t^^UTpose baa gone through two editions at Home, under the Utle 
^^ AmadiUu Alphabelum Bartnanonim, I think it best to follow 
^lie scheme adopted in that work, although it is more suited to 
Uk Italian than to the English pronunciation. In particular, 
Xvben this nchenie writes i before a vowel, we should read y; 
"for X and aft, we should read J and jh ; and for tc or ch, we 
should read sh. It must be observed, that the natives of Ava, 
eipedally men of fashion, in pronouncing r, almost always sof- 
ten it into ^; the r being seldom pronounced, except by th«r 
|neats on some very solemn occasious. 

Xhe map which I now pulihsh, contains a general view of all 
the territory that has been in any degree subject to the Kings 
of Ava, that is, of searly the whole peninsula, Asam, Malaya, 
dumipa, Cochinchina, and part of Tonquin excepted. This 
country, in fertility, in beauty, and grandeur of scenery, and in 
the variety, value, and elegance of its natural productions, i« 
equalled by few on earth, and is occupied by people of great 
activity and acuteness, possessed r>f many qualities agreeable to 
Rtrangersi but the want of a hereditary nobility, to give its go- 
vamment stabibty, seems to have lung held it in a state of anar< 
ehy, with sudden ond cruel revolutions from the authority of one 
short-lived dynasty and petty tyranny to another. 
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CiTility was first probably introduced into the peninsula by 
iquering arms of the kindred nation occupying Cliina, m 
the third century before the birth of our Saviour; but unfiiKu- 
nately, except in Tonquin and Cochinohina, tliis nation pre- 
served its footing for too short a period to give a suffiuient wdght 
to those wise institutions and parental form of goveninu 
which unite the Chinese under s. more stable authority, and 
some measure supply the want of a iiercditary nobility ; 
though, even in China, the very frequent changes of dynasty, 
which naturally follow this tltfcct, have been productive of the 
most dreadful sufierings. Still, however, the stability arising 
from a. regular education, and from a gradual promotion throu^ 
established degrees of power, recalls order along with the vigour 
of the first leaders of each new dynasty ; and the ]>ortion of this 
education that has been communicated to Tonquin and Cochin- 
china, seems to have rendered the inliabitants of these king- 
doms more happy than the natives of the countries detailed in 
this map, where the caprice of the mob, or of tjTants, without 
any adequate check, have been long indulged in raising from 
the dust the most audacious, unprincipled, and mean adi 
turers. 

Before the arrival of the Chinese, the country 
been occupied by numerous rude tribes, who, like the invadei 
were of the great Tartar race; and these, united with their conqi 
TOTS, seem to have produced the offspring, which now constitui 
the dvilized portion of the nations termed by Europeans, 
tnitic, Siamniese, Burma, Malaya, and Pegu. These no 
cupy the chief towns of the peninsula, although a very 
proportion of the country is still held by tribes in the origii 
state of rudeness, unacquainted with literature, divinity, lal 
and medicine, and in a great measure with manufactures 
arms, hut very industrious cultivators of the soil, and inoffc 
Kve in their manners. 

At a later period than the Chinese invasion, along with 
religious doctrines of the Buddhas, most of the civilized tribes 
received the )]>->—•■ of the Hindus, such as it existed under 
the kings of 
Barmanorum. 
» called Mage 



ngfat 



n this account, 
>guage, a dialect of 
li, the latter name 
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one of the chief tribes of the Gangetic empire, which commu- 
nicated its name to Paliputra, (Palilmtra Plinii,) once its capi. 
tal, although this tribe is now chiefly confineti to the district of 
IHnajpur, and from its ohstinate adherence to old customs i» 
reckoned impure. Of course, the people of the peninsula, al- 
though they have adopted mucli of the ancient language, and 
many doctrines and customs of the original Hindus, with some 
intermixture of breed i'rom the intercourse with the propagators 
of these doctrines, yet being originally of a diiFcrent extraction, 
and adhering more violently than die Pali, not only to doctrines 
now obsolete, but to many of their original customs, they are, 
by the present occupants of Hither India, lield utterly abomi- 
nable. The Hindu science tlius introduced, having had tlie 
effect of banishing the Chinese, allliougli it introtUiccd a more 
perfect form of ivriting, seenia to be the cause why the western 
states of the peninsula are less civilized than Cochinchina and 
Tonquin ; for although ail have adopted the f^th of the Hin- 
du Buddhas, yet the two latter states have received this doc- 
trine through Thibet and China, and still retain die hterature 
and education of the last-mentioned state, while the western re- 
^os have received their rchg^on and policy from Ceylon, 

At the time when European nations thscovered the naviga- 
tion to India, the Farther Peninsula seems, as at present, by the 
Datives of Hindustan, to have been called Chin, wliile the Chi- 
nese empire was called Muha Chin, or Great China ; and to this 
alone have Europeans confinetl the name. Nothing, indeed, can 
equal the confusion that arises in the study of this peninsula's geo- 
graphy, from the variety of names given by different people to 
the same countries and places. Those contained in the map, are 
entirely such as are used by the Burmas or Mranmas ; but I 
shall hereafter endeavour to oxpl^ii the synonyraes. In the 
mean time, I shall only remark, that, even among the Mran- 
mas, almost every place of great note has two names, one in 
ihe vulgar tongue, or, as Homer would have said, in the language 
of men, the other in the Pali Mgadha or Sangskrita, that is, in 
the language of the gods, or first colonists in India. 

The map accompanying this, I procured from a man in great 
poverty, who s^d, that, at the time, he was a slave of !Eimshe 
Mayn, the heir-apparent of the kingdom, and who probably had 
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been redaced to the servile state by debt, as hia intdligi 
uid nmnners denoted a person who had held coiiuderablc rank, 
and received a good education. Before he succeeded so far as 
he has done, lie made several attcmptfi, with less success ; and 
the nature of our maps, together willi tiio manner of laying down 
places by bearing and distance, had been repeatedly expl^ned 
to him. 

In this map, the then boundary of the empire of Ava is marked 
by interrupted lines, while tlie country properly belonging to 
mch subjected nation is distinguished by dotted lines. Moun- 
tains are represented by a straight line, hkc the plain on which 
they stand, while a waved Une represents their summits. Thia 
map is chiefly useful, as showing the connection and relative 
position of the different nations occupying the peninsulit ; for 
the outline has many great defects. The extent from east to 
west is much too great in proportion to the length from nortJi 
to south ; and the peninsulas projecting to the south especially, 
are rery much curtailed, the Gulf of Siam and the Malaya pe- 
ninsida being altogether omitted. The former omissioa e 
(nally occoMoiiB a most enormous distortion, making the o 
of the Cambodia river shorter than that of Siam. The c 
tries, again, to the north of the capital, are too much ex- 
tended. Little attention can, therefore, be paid to the liearings 
aad distances in this map, at least in the parts remote from the 
centre, and especially in those east from the river of Siam. 

Cities in this map are denoted by squares, those whtch harve 
been the seat of empire having within a smaller square or da^'_ 
and those whicli arc the seat of tributary princes having witlq^l 
a cross. I have to regret, that the person who constructed lipl 
map, was interrupted while I was writing the names in jButO' 
pean character, and, being afraid of detection, rubbed out hia 
own writing before my operation was completed ; so that seve* 
ral places, which might liavc served to fix boundaries lu otbMfl 
maps, stand in this without names, i^ 

As the towns in the central parts are in many places so ned 
each other, it iaini'Tissible to insert their names in the t 
eed form of ' ut they may be found by a ri 
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List of Towns in the Country of the Kasi Shan. 

I. Muo Chain. i. Zands- T. SaunduL 

?. Main Gun!. 5. Tamanss. B. Kale. 

S. Miun Daun. 0. Kara. 9. Seven rtltagesof Mrena. 

Towiia in the Mranina Country, North of Ava. 

I. Zabbffihnago. 6. Dibarffn. 11. ArariEn. 

8. Ni^rangmh. T. Muulzhubo. It. Mudura. , 

3. Kosandl. 8. Kiomraun. 13. Taunbioun. 

ft. Zibouttara. 9. Badoun. 14 Zikkoin. 

fi> Mredu. 10. Zuigu. IS. AuMrapum. 

Towns in the Cuiintry of the Mranniaa, South of Avs. 
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8. Ttiaba. 
3. Panil. 

*. Mskkhaia. 
£. Talaup. 
ft. TauDdo. 
T. Mranzmn. 
e. PneiuL 

9. Shue Manwu 
10. Paunian. 
ll.Psnlte. 

IS. Gnauiioup. 

Touns \ 

\, Taunbain. 
S. Main Loud. 

3. Seinni. 

4. Sounzhxh. 
A. SJbo. 
e. Main Doun. 
"Sr. M«in Gain- 



IB. Pugan. 
11. Ponppa. 

16. Fie n rial ffi. 

17. MeiltilH. 
1& Sskkhara. 
19. Flaindxk. 
SO. Gnnoaran. 
81. Pflcn. 

ii. Ixnito. 
Si Wadi. 



ST. Mrota. 

is. Taundutengri. 

29. Ramisffin. 

30. Ptin. 



1 the Country of the Mrelap Shan, or Shanwa. 

8, Hajizauli. 15- NaHnraon. 

g. Main Picln. 16. Kiomkoun. 

10. L«hklua. IT. Zaga. 

11. Puefla. 18- Kiaingan. 
1!. Onaunnie. 19. Mobrffih. 

13. Monah. CO. Jnnialan, 

14. SigiiU 

(To be cimtinued.) 



Abt. XV. — Table of Pri)f)ortifmal Logarithms to Twenty-four 
Hours, with the nietlwd of using it. 

A. HE following small Table of Prc^rtional Logarithms to 
Twenty-four Hours, is peculiarly adapted to reducing the bud's 
right ascension or declination, and the equation of time, all ^ven 
in the Nautical Almanack for noon at Greenwich, to any other 
hour on that or a diiferent meridian. 

It will be found in practice, that tliis table gives the correc- 
tions, (which are perpetually required, both at sea, and fixed 
observations,) not only more readily, but with less chance of er- 
ror, than any of the tables lor tlie same fmrposc, in the popular 
works on navigation. 
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This table was printed in a Calcutta magaadne in 1816, and^ 
as far as I know, has not appeared anywhere else; nor have I 
been able to learn the name of the industrious computer, who 
certainly merits the thanks of the practical navigator and astro^ 
nomer. Vega. 

Proportional Logarithms to Troenty-Jbur Hours. 

This Table is useful for finding the proportional part of the 
daily variation of the Sun^s right ascension, and declination ; and 
of the equation of time, for any hour after noon. The numbers 
at the top to 24, are for hours ; and at the side minutes : or the 
first are minutes, and those at the side seconds. The top argu- 
ments are carried on to 30, as the daily variation of the equa- 
tion of time exceeds QV on some days in December. 

The propordonal logarithms in this Table, are found by sub- 
tracting the logarithms of the minutes in the several arguments, 
from the logarithm of the minutes in 24 hours, viz. 3.15836. 
So that the proportional logarithm of 24 becomes = 0. For 
the proportional logarithms above 24, the arithmetical com^ 
plements of the logarithms of the arguments have been added 
to 3.15836, which renders it necessary to subtract 1 from the 
index of the result for every proportional logarithm taken from 
this part of the Table. 

BULE. 

To the propOTtional logarithm of the daily variation, add the 

proportional logarithm of the time from noon ; the sum is the 

.proportional logarithm of the correction for that interval, to be 

added or subtracted according as the element employed is iur- 

creasing or decreasing. 

When one or both the terms are small, and, consequently, 
their proportional logarithms great* it is convenient, in order to 
prevent the answer falling near the beginning of the Table, 
where *the differences are large, to take 1 or 2 from the index 
of the result, which will bring the answer out 10 or 100 times 
too great : this is readily done by the eye. 

The value of the t^rms of the answer is regulated by that of 
the arguments hough on this point, at first an oc- 

casional ambi » occur, it is easily removed by a 

due oonslderai in. 
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98 I> Brewster on the General Properties ofTabmheer. 
opacily is protlucstl by a partial absorption exacOy 
case of water. 

When the imbibed fluids have a colour of their own, or are 
tinged with any colouring matter, the tabasheer exhibits a siau- 
lar tint, so that it is easy to communicate to rt any colour. 
From a solution of acetate of copper, it acquires the colour of 
ihc emerald ; from oils coloured with anchusa root, it recdves 
the tints of tlie ruby ; from oil of beech-nut, the colour of the 
chrysobcryl ; from sulphuric acid, that of the pink topa^ ; and 
from malic acid, tliat of the Brazilian topaz. Tliesc different 
colours may be all discharged by exposang the tabasheer to. 
red heat, and tlius expelling the absorbed fluid to which 
owe tlieir origin. 

The opaqire tabasheer, which retains its opacity when i) 
pores are filled with water, acquires the most beautiful 
parency from the absorption of oil of beech-nut; and it is 
rious to observe n substance hke chalk, and consisting sppiK 
rently of a number of particles in a state of accidental aggm^ 
gation, converted into a transparent mass, which the light fteely 
penetrates in every direction. Having saturated a large pece 
of this kind of tabasheer with oil of beoch-nut, coloured with 
anchusa root, I laid it on a mass of lead of a lower temperature 
tlian that of the room. The oil instantly retired from the sur- 
face of the tabasheer into its interior, and the transparent mass 
becamcopaquelikeapieceof redbnck. Upon removing it into: 
former temperature, the oil rctumctl to tlie surface, and the 
bashcer resumed its transparency. If, on the other hand, 1 
place it in a higher temperature than that of the room, a 
of tlie oil will be discharged, and when it is brought back to 
'first temperature, it will become opaque like a piece of 
Even when a small part of the oil remains, the trans] 
may be readily restored by the application of a suffident 
gree of heat. The phenomena which liave now been descril 
admit of a satisfactory explanation from the difference beti 
•the Gxpansiou of llie oil and that of the tabasheer ; but the 
creat to arise Irom this cause, and I 
', to a variation in the capadty of 
tngc of lemperature. 
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In order to observe the nature of the penumbral bouiidaiy 
which niiglit he supposed to separate the opaque from the 
transparent part, if they could be both rendered visible in the 
same mass, I saturated the largest piece of tabasheer tliat I 
had witli the coloured oil, and having discharged a good deal 
c^ it by heat, it becanie of course opaque. I now held to the 
Same of a candle one of its extremities, which immediately be- 
came diaphanous, and the transparency gradually pervaded tlie 
opaque mass. As soon as tlie opacity disappeared, I allowed 
one extremity of it to cool ; tlie ti-ansparency immediately dis- 
appeared at that part, and tlie opacity gradually advanced like 
a black cloud, till the whole was overshadowed by the retreat 
of the oil into the interior of the mass. In both these cases the 
penumbra, wliich separated the opaque and U'anspartnt por- 
tions, had a ragged or branching appearance when seen by a 
microscope, as if the oil had been shooting into crystals during 
the progress of the opacity, and as if these crystals had been 
dissolving during its retreat. 

Upon examining tlie appearance of tlie tabasheer when it 
had the colour of red brick, at\er the discharge of a portion of 
ita oil, I was surprised to observe a beautiful veined structure, 
exactly like tliat of the agate, die veins being sometimes paral- 
lel, sometimes inflected, and sometimes curved. In some spe- 
cimens the veins were alternately opat^ue and translucent, and 
in others red and white, as if one set of ntrata had a greater 
capacity for the oiL than the rest. This effect is almost uni- 
versal ; but as soon as the oil is completely discharged, the 
vaned structure entirely disappears, and the whole mass as- 
sumes the homogeneous ap]}earance of chalk. 

In order to observe the circumstances imder which the chalky 
tabasheer became transparent by the absorption of oils, I cut 
four plates out of the same piece, and immersed them separate- 
ly in oil of cassia, alcohol, water, and oil of beech-nut. The 
plates that had absorbed the three first of these fluid-i remained 
quite opaque, but the plate that was placed in the oil of beech 
nut gradually acquired a translucency by the rapid extrication 
of air. After a certiun time it appeared to be covered with 
scratches and small opaque pordons ; but these appearances, 
vhich arose from remaining vesicles of air, vanislied by degrees. 
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By the application of a microscope, I observed the air form it- 
self into gioboles in the interior of the tabasheer, which slowly 
advanced to the edge of it, aiid at last escaped into the oil. 
After a lapse of nearly two liours, the greater part of the air 
Was extricated, and tlio expulsion of the rem^der was quickly 
tffleoted by a gentle heat; but the tran^^jarency was of that 
imperfect kind, which results from the union oi' two bodies of 
diflereiit refractive powers. By increasing tlie lieat, Uie tatw- 
rfieer became nK»e transparent, ami at a certain temperature it 
eould scarcely be seen in the oil in which it was placed. When 
the heat was still (ariJier augmented, it becanie more and more 
opafjue, and a corrosponding opacity was induced by cooling it 
down as much below the temperature of maximum transparency. 
When pure tabasheer is Iwiled for any length <rf Ume, or is 
brought to a red or a white licat, it suffers no change either in 
its colour or in its c^tical and phy^cal properties : if we wrap it, 
however, in a piece of paper, and set the paper on fire, the taba- 
sheer liecomes ather black, or brownish-block, and the black, 
colour increases in depth by the-repetilion of the experiment. 

If the bkickcncd tabasheer is brought to a red heat, it is re- 
stored to its primitive whiteness, and resumes all its former 
properties ; but if the lieal is considerably below redness, some 
npecimens acquire a slight trausparency, and a dark slaty blue 
colour, shading in some places into whiteness. fV/ien alighthf 
wetted in this Hate, it becomes diaSiy white; ■nAilt a greater 
portion of water it becomes black; and with a still greater 
fxyrtion it teaymea offoin transparent. If we break a piece of 
tabasheer a few days after ii has received a deep black tint, we 
shall find that it has often a fine aslk-grey colour, which be- 
comes deeply black when wetted, and afterwards resumes it» 
primitive tint wlien dry. 

With the view of discovering if the blackness was owing to 
any vegetable matter in the tabasheer, I repeated the operation 
of blackening it and restoring its colour by heat about 50 times; 
but alW all these operations, it became black as readily as 
at first. The specimen that had undergone these changes had 
mcreosed in hardness and lustre, and had tlie appeiu-ance of the 
finest Indian ink. Upon breaking it in two, the fracture was 
perfectly black, but assumed a dark blue colour by exposure to 
the m ; and upon putting a drop of pure water vpon the blue 
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fradure, it vm» inttantly converted into a deep mid ^oiajf 
black. 

Mr Jardine, who had die goodness to take the fpecific gnu 
vity of tabasheer, found that of the opaque kind to be 2.059 
when dry, and 1.320 when wet; and that of the transparent 
kind 2.412 when dry, and 1.896 when weL 

Mr Macie found tJie specific gravity of a parcel of opaque 
fuid transparent tabasheer to be 2.188; and Mr Cavendish, 
having tried the same parcel, fomid It to be 2.169. The mean 
of Mr Jardine's results is 2.235, whidi exceeds tlic measures of 
Macie and Cavendish, because the opaque fi-agments in tli»r 
parcels must have been more numerous than the transparent 
ones, in consequence of the rarity of the latter. 

It appears from tlie jjreceding results, that in both kinds of 
tabasheer the quantity of watei' imbibed exceeds in weight that 
of the tabasheer itself; and that in the opaque kinds, the space 
occupied by the pores is to the space occupied by the tabasheer^ 
as 2.S07 to 1 ; while in the tmnsparent kinds, it is 2.5656 to L 
This result indicates a very remarkable degree of poroMty ; and 
«s it makes the pore more extensive in the transparent than in 
the c^>aque kind, contrary to what we should expect from thdr 
specific gravities, it seems to follow, (hat the water was not ca- 
pable of insinuating itself into all the pores of the opaque taba- 
sheer. This conclusion is rendered more probable, when we 
consider the extreme difficulty with wliicli tlie oil of beech-nut 
displaces the last portions of included air ; and it affords a very 
plausible explanation of the fact, tliat the ■chalky tabash^r can- 
not be rendered trant^rent by the absoi-ption of water. 

We are now prepared by the preceding obsa-vations, for in- 
-vestigating the cause of the remarkable paradox exhibited by 
the transparent tabasheer, in becoming perfectly opaque and 
white, by absorl»ng a small quantity of water, and perfectly 
transparent when that quantity is increased. As this effect takes 
place indiscriminately with all fluids, it cannot be the result of 
any chemical action, EMid therefore its cause must be sought for 
in the changes which tlie light suffers in traversing the vacuities 
of the taliasheer. 

Let ABC, Plate III. Fig. 7. be a prism of this substance, 
and abed one of its pores highly mngnified. We knov.' i\xa3.. 
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this pore is filled witli air ; and that wlien a ray of light MN 
enters the separating surface ab at e, and quits it at ft, it 
Buffers BO little refrattion, and is therefore so little scattered, 
that the tubashecr appears transparent, and allows us to see 
objects distinctly through it. This effect, which could not 
take place in any otlier porous substance, arises frcan the 
small difference between the refractive power of air and of 
tabasJieer. Let us now suppose that a small quantity of wa- 
ter is introduced into the [tore abed, so as not to fill it, but 
merely to line its circumference with a film contained between 
abed aad K^yi. Then the light which was formerly ecatter- 
cd by the slight refraction at e and A in passing from tabasheer 
into air, will now be a Httlc less scattered at these pmnts, 
aince it passes from tabasheer into water, where the dilference 
of refractive power is leas ; but in passing from the film of wa- 
ter into the air at f, and in entering the water again at g; the 
scattering of the rays will be very considerable, from the great 
difference in the refractive powers of air and water. In passing 
through every pore, therefore, tlie light is refracted, and conse- 
qiiendy scattered no less than four times; and hence the piece 
of tabasheer must appear to be opa(juc. If we now saturate it 
with wafer, ' the pore oicc/will be completely filled ; the two 
great refractions which took place at f and g, will no longer 
exist i and the light will suffer only a shght refraction at e and 
A, by wliieh it will be less scattered than when the tabasheer 
wasdry. Hence it follows, that when the tabasheer is saturated 
with water, it ought to transmit the incident light freely, and 
to be mofc transparent than when it is quite dry, — a result 
which is porfecdy conformable to observation *. 



Abt. XVII. — Accoitnt of tite Ayrshire Rose. In a Communi- 
cation from Mr Nkill, Secretary oi' the Caledonian Hor- 
ticultural Society. 

A OB a number past, a very rampant climlnng rose- 

bush has been Scotland, under the name of the 

■ The reader is n paper in Ihe Pltiltmpkieal TVaXMerisM 

tat mai'e tletoilcd into le prcipeKks of Tabatihecr. 



Mr Nvill on tfte Ai/rahire Rose. IDS 

Ayrahire Rose. Such is the rapidity of growth of its long ijcii- 
der shoots that one plant has been known to cover a gable-wall 
twenty feet high, and a side-wall of double thai length, in the 
course of two seasons. It has therefore been much in request 
(hr covering out-houses, and disgui^g offensive walls or pal- 
ings. It is an exotic species, but is nearly allied to our native 
fioaa arvensis or White Dc^-roae, and has probably, indeed, 
in many cases been confounded with that species. 

Mr Woods, in his monograph of British Hoses, in the 12th 
volume of tile Linnean Transactions, seems to unite both toge- 
ther« in his account of the Uosa arvensis ; although, as will 
presently appear, the Ayrshire rose has perhafis stronger 
claims to be regarded as a separate species than several others 
eonadered as specifically distinct by this author, such as R. ru- 
bella and R. surculosa. 

Dr Sims, the highly respectable editor of the Botanical Ma- 
gazine, when publishing in that work (Pi. 2054.) a figure of 
what he calls Rosa arvensis var. /3, observes, " It has been 
known some years in our nurseries under the name of tlie Ayr- 
shire Rose; but upon what grounds it has been so called, is 
difficult to say ; for, upon inquiry, we are informed no rose of 
the kind could be heard of there, or in any part of Scotland." 

That Rosa arvensis, or a slight variety of it, may have been of- 
ten sold in the London nurseries in place of the genuine Ayrshire 
Rose, is nowise improbable ; the former being much more ea- 
«ly procured than the latter. But the Doctor must have been 
exceedingly unfortunate, indeed, in the inquiries made regard- 
ing the Ayrshire rose in Scotland; for, that species is well 
known, not only in the county of Ayr, but throughout Scotland 
wherever there is a respectable private garden or public nur- 
eery. 

Before giving an account of the origin of the Ayrshire rose, 
or of its introduction into this country, it may be proper 
to detail its characters, in order to establish its title to be re- 
garded as a distinct species ; and it may be useful at the same 
time to premise a description of the Rosa arvensis, that the reader 
may tlius have the characters of llie two species brought into 
I iiamediate contrast. In some gardens in the neighbourhood of 
■^Hkftiurgh, both the true Ayrshire rose and the Roaa arvensis 
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of the Flora Britaiuiica are cultivated. At my request, Mr 
David Dim (son of the iate eminent Mr Don of Forfar, and a 
very promising young botauist) has, fur some time paut, paid 
{jrcat nttention to the growth and appearance of the Uvo species, 
and haa dra^n up the following characters of each. 

Hlvi- Rosa arvftisis. White Dog-rxue. — Surculia longieaimis pro- 
^B^ cumbentibuB foliolis ovaUs intequali-serratis subtiu tantum 
^ft' hirEiitis; fructibus globosis pedunculiaque nudiuscuUs. 

Caulea decvimbeiites, sm-tuli longissimi procumbentes teretes !»• 
vissiml rubescentes ; aculei spnrsi uncinati; foliola septena ovata 
Jnsquali-Berrata, supra glaberrimn, subtus aliquantuin hirmta ; sti> 
pulse integree apjce acutie margine cjliatie, petioli supra canaliculati 
utrinque pubescentes; pedunculi elnngati nutliusculi ; fnictua glo- 
bosusglaber, stylis unitis antlieras subsquantibus. 

2, fltwa eapreolala. Ayrshire Rose. — Surculis flagellatia procum- 
— bentibus, foliolis etlipticia equaliter serratis utrinque gla- 

^L berrimis ; fructibus ovatis (collo constricto) pedunculiaque 

^■t, glandulosis. 

I^Caulea decumbentea ramosissimi, surculi flageilati procumbentes 
acnlei spars! falcati; foliola septena elliptica breve acuminata senua- 
llter serrata utrinque glaberriraa, su]>ra nitida ; rubescentas nitidi 
pniinati i atipulie aptce acuminatte margine integerrimte pilis glan- 
duliferis ciUatae, petioli supra canaliculati utrinque nutU ; aegmenta 
calycina subsimplicia elliptica apice cuspiduta, extus glandulosa 
pilosa, intus tonientosa ; pedunculi elongati glandulosi, petala obcoN 
(lata alba ; fitamenta bast reclinata, apice ascendenti-iiiHesa, antherv . 
lutete, stylis in cylindrico coalitis, stamina subsequantibus, stigmata 
brevissima barbata ; Fructus ovatus (collo constricto) pilis glandu- 
liferia raris adEpersis ; flores corymbosi. 

The Rosa arvensis la common in hedges and waste ^Dimda 
in England ; but is comparatively of rare occurrence ui Scot- 
land. 

The trivial name capreolata, having alluaon to its climtHOg '' 
nature, was first applied to the other species hy the late Mr 
Don, who cultivated it as a distinct qiccies for maitj' years in 
his curious botanic gai-den at Forfar. This is nearly aUied to 
the former ; but, as may be remarked from comparing the cha- 
racters above given, the two species differ particularly in the 
following respects. 

In R. capreolata, the leaflets are more shining and more elon> 
gated than in R s. In the former, they are quite ' 

smooth on both ually serrated at the maigins; 

while, in the lath t^*"hat hairy on the under ade, - 
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and rather unequally serrated. In R. capreolata the fruit is 
ovale, fumiahed will) a neck, which, alonfi with the peduncle, 
presents scattered glandular hairs, more endent m the imma- 
ture fruit ; while the i'ruit of H. arvensis is globular, and every 
where emooth. In R. capreolata the petioles of the leaves are 
naked ; wh'de in R. arven»s they are pubescent. In respect to 
general habit, it may be remarked, that R. capreolata grows more 
strongly and I'reely than R. arvensis ; and, what may be conai. 
dered as rather a striking peculiarity, the former retains its 
leaves mucli longer than the latter : In short, R. capreolata in- 
clines to be an evergreen in our clnnate. In tliis respect it is 
allied to R, sempervirens, or the Evergreen Rose : But this spe- 
ciea is readily distinguished by its more leafy stems, its leaves 
tang Btill more glossy, with closer serratures ; and its fruit and 
peduncles being hispid. 

I may mention, that in the Royal Rotanic Garden here, both 
spedes have for some years been kept growing close by each 
other, so as to afford every facility for comiiarison, and that the 
excellent superintendant of the garden, Mr William Macnab, 
has thus satisfied himself of their being specifically distinct. He 
concurs generally in the accuracy of the discriminative charac- 
ters above det^lcd ; and adds a remarkable character, distinc- 
tive of the general habits of the two species : the tr^Iing shoots 
of R. arvensis, at the points where they touch the ground, 
speedily send forth roots in the manner of the common bramble- 
bush ; but this tendency to radication, is never observed in 
the shoots of the Ayrshire rose, of whatever length they may be, 
or however favourably applied to the surface of the ground. 

I have now to offer some proof that R. capreolata is real- 
ly an exotic species. I am enableil to state that it is a North 
American native ; and, by the aisastance of Mr Walter Under- 
wood, the very intelligent gardener at Eglinton Castle, to give 
an account of its introduction into Scotland. 

At the time when the Botanic Garden at Leith Walk, Edin- 
burgh, was originally established, (about 1767), the late Dr 
John Hope, Professor of Botany, and some wellwishers to 
the garden and to botanical science, united in sending out 
a person to North America, widi the view of his collecting 
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the seeds of new, curious or useful plaots. Of the b 
aUantic rarities sent home by this collector, do r^ 
seems to have been niode ; and both lie and his patrona I 
thus in a great measure lost the credit that was due to tha 
for tlieir zeal. The late John, Earl of Loudon, was a sul 
ecribcr towards this botanical speculation ; and in return, 1 
received, in 1768 or 1769, a share of a parcel of seeds set 
either from Lowct Canada or Nova Scotia. Among thew 
vere some briar heps; which being sown in the garden ■ 
Loudon Castle, produced a number of rose-bushes. Theae^' 
in a year or two, attracted much notice by the great lengtli ti 
which they pushed their slioots. The present Mr Geoi;g» 
Douglas of Hodinghead (factor upon the Duke of Portliuidh 
estates in Ayrshire) resided at Loudon Castle at that period^ 
and he perfectly recollects the sowing of the American hep% 
and the wide rambling rose-plants which sprung from them. Ste 
veral of the neighbouring proprietors in Ayrshire got plants a 
the new rose for their gardens. Among others, the late 3fi 
Dalrymple of Orangefield received a plant from Mr Douglas^ 
and he having triuned it against the garden-wall, " it ran a 
angly," f as Mr Underwood expresses it), the rapidity of its 
growth, and lengtli of the shoots, surprising every body. The 
nurserymen of Eilmamt)ck and Ayr having procured cuttings 
and layers from this plant, bestowed on it the name of tlie 
Orajngefield Rose ; in places at a distance, however, it soon came 
to be known by the more general title of tlje Ayrtkxre Row. 
The original Orangciicld specimen was in existence little more 
than twenty years ago ; but the garden having, about that time, 
come into llie possesion of a tenant, who preferred currant 
bushes to rampant roses, it was grubbed up and destroyeil. 
Several of the original plants, however, stiQ remain at Loudon 
Casde, some trained against the walls of the factor''s house, and 
others in old hedges on tlie farm of Alton, near Loudon. Mr 
Douglas has likewise some of the original plants growing in 
hedges, and against walls, on his own property of Hodinghead. 

It must be a^"**" ' to be somewhat singular, that no rose 
approaching in U. capreolata should be described''! 

f writers on I tli America, especially by Pm 
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in luB ]ate Flora of that country. Still, it is perfectly possiUe 
tliAt it may have been overlooked. 

^^^hether this species be known on the Continent of Europe, 
does not clearly appear. It may be noticed, however, that the 
Rosa prostrata of the last edition of the Flore Franfaise, is de- 
cribed as distinguished by its ^^ shining persistent leaves,^ 
csfaaracters quite applicable to the Ayrshire Rose. 

Canonmills, ) 
1»^ Nao. 1819. J 



T. XVIII. — On the Depth and Temperature of the Lake cf 
Geneva. By Mr H. T. De la Beche. Conununicated by 
frofessor Pictet *. With a Map. 

M^ HAVE the honour of communicating to you some observations 
on the depth and temperature of the Lake of Geneva, which 
tti^ goodness of the season has permitted me to make. 

The accompanying map (Plate II.) points out the places 
ere I sounded, and the corresponding depths. These depths 
greatest on the coast of Savoy, till opposite Lausanne, where 
^^ lake becomes deepest on the side of the Canton de Vaud. 

"The places where the banks descend most rapidly, are the 

P^^^mnt of Drances, Meillerie, St Gingoulph, the Castle of Chil- 

'^'MTM^ and Vevay. In several places, the greatest depths occur 

ut 50 fathoms from the shore, particularly at St Gingoulph 

Vevay, where the bottom again rises. 

TThe soundings were taken with two cylindrical masses of lead, 

c of which weighed 10 lb. and the other 8 lb. The weight of 

^ lb. was sufScient for the greatest depths, and was able to re- 

"t every current. 

These currents did not frequently occur, and those which I 

observe, had little velocity, excepting in the sounding of 80 

>thoms, opposite the Point of Drances, where no sensible current 



* The obtenrations in this paper were addressed by their author to Professor 
^^ctet, fiir the Bibti/oitkeque UniveraMh We have abridged the preliminary re« 
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was percdved at the surface. At the depth of Ifi fathoms, a 
current carried the thermometer lo the west ; and when I 
had let out 10 fathoms more of cord, I perceived that another 
current carried it almost as rapidly to the east. None of these, 
however, lasted long, for, on letting out 12 fathoms more, the 
thermometer ceased to be influenced by any current. The boat- 
men informed me, that these currents were very irregular, and 
had all sorts of directions. 

The self-registering thermometer which I used, was similar 
to those employed on the late Arctic Expedition, About 2 lb. 
of lead was always added for great depths, in order to make St 
descend vertically. 

In observing the soundings, I at £rst allowed the lead to 
descend, and having raised it, I made it redescend two or three 
limes, in order to ascertain that 1 hod reached the bottom. 
The thermometer was then substituted in place of the lead ; and 
ai\er being attached to the sounding line, I sunk it to within 
half a fathom of the bottom in deep water, and a quarter of a 
fathom in smaller depths, — a precaution which was necessarTj in 
order to prevent it from striking against the ground. 
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TABLE of lite Depths and Temperatures of the L.^kb of 
KEyA, in tlie diffa-enl places indicated on the Map (Plate II.) 
Siihick accompanies tliis paper. 
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From this Table, it appears, that at the depUi of from 40 to 
70 fathoms, the temperature is 44" Fahr., with the exception of 
the 40 fathoms near Ouchy, where it is 45" ; that the temperature 
Siom 80 fathoms to tlie greatest depth, is invariably 43^ ; and 
that in the £rst 40 fathoms from the surface, the temperature 
Taries according to circumstances, hut always in such a way as to 
diew that the cold increases with the depth. 
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1 10 Jccouril of ihc ccUln-ated Slide of Alpnach. 

It deserves to be noticed, that neither the themtomcter, whicb 
was encircled with polished brass, nor the lead, could be pw- , 
cctv»l at greater depths than from 3J to 4 latboms, tliough the 
water had the most perfect transparency. 

Along with tlie map, I liave given four sections of the Lake, 
in which the scale of deptlis 'm tlic same as that of Uie horizontal 
diHtances. 

Abt. XIX. — Account nf the celebrated Slidr of Alpnacky am- 
stnicled on Mount P'datus bij M. Rdpp, Engineer *. CiMn- 
municated by Professor Pictet. 

An our first Number, p. 193, we had occaGion to give a brief 
noUce of the celebrated slide of Alpnach, constructed upon 
Mount Pilatua, in the Canton of Underwald, by Mr iiha. 
Rupp of Keutingen in Suabiu ; and we have particular pleasure 
ia bang able to recall the attention of our readers to a work do 
less interesting, from its stupendous magnitude, than from the 
talents and perset erance which have been e\lubited in its con- 
struction. 

For many centuries, Uie rugged flanks and the deep gorges 
of Mount Pilatus were covered with impenetrable forests. Lofty 
precipices encircled tliem on all sides. Even the daring hunters 
were scarcely able to reach them, and the inhabitants of the 
valley had never conceived tlie idea of disturbing them witb 
the a\e. These immense forests were therefore permitted to 
grow and to perish, without being of the least utility to man, 
till a foreigner, conducted into tlieir wild recesses in the pursuit 
of the chamois, was struck with wonder at the siglit, and direct- 
ed the attention of several Swiss gentlemen to the exteait and 
superiority of the timber. The most intdhgent and skilful in- 
dividuals, however, considered it quite impracticable to avul 
themselves of such biaccessible stores. It was not till November 
1816 that M. Rupp and three Swiss gentlemen, cntertfuniiig 
more sanguine hopes, drew up a plan of a slide, founded on 
trigonometrical measurements. Having purchased a certmn ex- 
tent of the fon 'he commune of Alpnacli for 6000 

■ Thu article ii iiB&uscript translaticni of a papar in Gil- 

bnt'i dnnaltit, 181i the BihliSU^t tTHiMnKtb^— Ed. 
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ttmmsy they began the constnictiun of the slide, aiid completed 
it in the spring of 1818 •. 

The slide of Alpnach is formed entirely of about 25,000 
large pine trees, deprived of their bark, and united together in 
a. very ingenious manner, without the aid of iron. It occupied 
about 160 workmen during eighteen months, and cost nearly 
100,000 francs, or L. 4250. It is about 3 leagues, or 44,000 
[English feet long, and terminates iti the Lake of Lucerne. It has 
the fcHin of a trough, about 6 feet brood, and from 3 to 6 feet 
cleep. Its bottom is formed ol" three trees, the middle one of 
^vhich haa a groove cut out, in the direction of its length, for re- 
eeving small rills of water, which are conducted into it from 
various places, for the purpose of diminishing the friction. The 
"whole of the slide is sustained by about !2000 supports, and in 
many places it is attached, in a very ingenious manner, to the 
rugged pi-ecipices of granite. 

The direction of the slide is sometimes straight, and sometimes 
zig-zag, ivith an inclination of from 10° to 18°. It is ofien car- 
ried along the sides of hills and the flanks of precipitous rocks, 
and sometimes passes over their summits. Occasionally it goes 
under ground, and at other times it is conducted over tlie deep 
gorges by scaffoldings 120 feet in height. 

The l)o!dnes9 which characterises this work ; the sagacity dis- 
played in all its arrangements, and the skill of the en^eer, 
have excited the wonder of every person who has seen it. Be- 
fore any step could be taken in its cTcetion, it was necessary to 
cut several thousand trees to obtain a passage through the im- 
penetrable thickets ; and as the workmen advanced, men were 
posted at certain distances in order to point out the road for 
their return, and to discover, in the gorges, tlie places where the 
piles of wood had been established. M. Rupp was himself obliged, 
itKxe than once, to be suspended by cords, in order to descend pre- 
cipices many hundred feet high ; and in the first months of the 
undertaking he was attacked with a violent fever, which depriv- 
ed him of the power of superintending his workmen. Nothing, 
however, could diminish his invincible perseverance. He was 
carried every day to the mountain in a barrow, to direct the la- 

• Theao date* must In; crninenu!', as Mr Plajfjit suit '.lie iliji: in rpn-ntion in 
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I fltours of the workmen, whiih was abaolutely necessary, as lie 
l^^ad scarcely two good carpenters among ihem all, the rest 
leaving been hired by acudcnt, without any of tlie knowledge 
ich such an undertaking required. M. Rupp had also 
Nintend against the prejudices of the peasantry. He was si 
1 to have conimuniou with tlie devil. He was chart 
Irith heresy, and every obstacle was Uirown in the way of m 
interprise, wluch diey regarded as absurd and impractii 
f Jkii these difficulties, howe^'er, were surmounted, and be hadj^j 
ItBt the satisfaction of observing the trees descend from tlie m 
tain with the rapidity of lightning. The larger pines, ivhich 
I about 100 feet long, and ten inches thick at their smaller extre- 
l pity, ran through the space of ihree Icagtiei, or nearly nme miies, 
I In two minulea and a iuUf, and during their descent, tliey ^ 
I peared to be only a few feet in length. The arrangements 
I tibis part of the operation were extremely simple. From 

iwer end of the slide to the upper end, where the trees wert 
l^bttroduced, workmen were posted at regular distances, and as 
I gDon as every thing was ready, the workman at the lower end of 
the slide cried out to the one above him " Lachcz,'' (Let go.) The 
cry was repeated from one to another, and reached the top of 
the slide in ihree minutes. The workmen at the top of the slide 
then cried out to the one below him " Tl nient," (It comes,) and 
the tree was instantly launched down tlie slide, preceded by 
the cry which was repeated from post to post. As soon as the 
tree had reached the bottom, and phuigcd into the lake, the 
cry of Laches was repeated as before, ajid a new tree was 
launched in a similar manner. By these means a tree descended 
every five or six ininutes, provided no acddent happened to the 
slide, which sometimes took place, but which was instantly r^ 
pured when it did. 

In order to shew the enormous force which the trees acqi 
ed from the gi'eat velocity of their descent, M. Rupp made 
rangements for causing some of the trees to spring from 
slide. They penetrated by their thickest extremities no less 
front oghteen to twen'v,four feet into the earth, and one oi 
trees having b* 'ruck agmnst the other, it instj 

cleft it throu^ Tth, as if It had been struck 

lightning. 
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h- After ihe trees had descended the slide, they were collected 
■tto raits upon the lake, and conducted to Lucerne. From 
chence ihey descended the Reusa, then tlie Aar to near Brug^ 
afterwards to Waldshut by the Rhine, then to Ba^e, and even 
to the sea when it was necessary. 

In order that none of the small wood might be lost, M. Rupp 
established ui the forest large manufactories of charcoal. He 
erected magazines for preserving it when manufactured, and 
had made arrangements for the construction of barrels for the 
purpose of carrying it to the market. In winter, when the 
iJidc was covered with snow, the barrels were made to descend 
on a kind of sledges. The wood which was not fit for being 
carbonised, was heaped up and burnt, and the ashes packed up 
and carried away during the winter. 

A few days before the author of the preceding account visit- 
ed the slide, an Inspector of the Na\-y had come for the pur- 
pose of examining the quality of the timber. He declared that 
he had never seen any timber that was so strong, so fine, and 
of such a ^ze, and he concluded an advantageous bargain for 
1000 trees. 

Such is a brief account of a work undertaken and executed 
hy a single individual, and which has excited a very high de- 
gree of interest in every part of Europe. We regret to add, 
that this magnificent structure no longer exists, and that scarce- 
ly B trace of it is to be seen upon the flanks of Mount Pilatus. 
Political circuinstjuices having taken away the principal source of 
the demand for timber, and no other market having been found, 
the operation of cutting and transporting the trees necessarily 
ceased. The money, we understand, which was paid for the Fo- 
rest, has been employed in building at Alpnach a church, in 
every respect disproportioned ta tlie population and 
of the village •- 
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* Atr Flnjrfuit'j very intereiling paper upon the Slide of Alpnach, will appmr 
in the IXth VoL of tbe Eriinburgh IVansacUunB, now in the Iireta. 
VOL. II. XO. 3. JAXLAUV ISliO. H 
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Akt- XX.-r^O#i certain Optkal Phcnqmfin^ ^hibiiedf hy 
Mafher-of-Pcorli depending on its internal structure. 
By J. F. W. H»ac9«L, Esq. F. |l. S. fcc Cwnmiiidcated 
by the Author. 

J|N repeating the experiments of Dr Brewster on mother-of- 
pearly described in the Phihsophical Transactions for 1814, 
part II., I observed some new phenomena exhibited by that 
wngiiTar body in its action on transmitted light, depending on 
the internal ammgement of its molecules, and at the same time 
connected with a peculiarity in its superficial appearance under 
the microscope, which seems to have eluded his notice. When 
a plate of mother-of-pearl, cut parallel to the natural surface of 
the shell, is reduced by grinding to a thickness between ^^^th and 
5^Qth of an inch, and highly polished on both sides, (m which 
circumstances it is very transparent) ; if a distant candle b? 
viewed through it, besides the pair of coloured images describ- 
ed by Pr Brewster, which have the same origin v^ith thoae seen 
by reflection, there may be observed two large very brilliant and 
highly coloured nebulous masses, one on each side of the candle, 
and equidistant from it, which may readily be distmgaidied 
from the preceding by the following characters. 

The first pair of coloured images, ori^nating in the transfe- 
rable superficial structure of the pearl, are always similar in po~ 
rition and colour, and complementary in brightness, to those 
seen by extraordinary reflection. In consequence, nothing can 
b^ more capriciously uTegular than their situation, brightness, 
and distance from the centre. On passing various parts of the 
plate, with a parallel motion, between the pupil of the eye and the 
candle, they will be seen to shift their direction, expand, contract 
or disappear altogether, with every change in the point examined. 
This is not the case with the pair of nebulous masses now un- 
der consideration, which undergo little or no variation in any of 
these particulars, through whatever portion of the plate they 
are viewed. The axis of nebulous Aspersion then, (or line join- 
ing the two nebula?,) is parallel to itself, or nearly so, through- 
out the whole extent of the mother-of-pearl, and the energy of 
die cause producing it nearly or perfectly uniform. 
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Tkese nebulous masses are usually about twice the distance 
of the cokmred images, described by Dr Brewster, from the 
centre ; and, except the plate be veiy thin, are much larger 
and more conspicuous, and particularly distinguished from them 
by the equable gradation and softening of their colours, which 
are those of the prismatic spectrum, the red being outermost 
Their angle of deviation, or distance from the central image, 
increases on inclining the plate in the plane passing throi^ 
them, while their brightness rapidly diminishes, the former be- 
ing a minimum, and the latter a maximum, at a perpendicular 
incidence. This angle, as well as tlie shape and colour of the 
nebuke, is the same, or nearly so, in all the specimens I hav6 
examined ; nor does any marked variation in these particulars 
arise by a variation in the thickness of the plate, or by cutting 
it at any moderate angle with the natural surface ; only, in the 
latter case^ the maarimum of their intensity^ and mininmm of 
distance^ takes piace ai such cm angle of incidence^ that the or^ 
dinary ray traverses the substance in a direction perpendicular 
to the natural surface of the shelly which is also the direction 
of its greatest transparency. The minimum angle of deviation 
in the nebulous images appears, by tlie best measures I have 
been able to procure *, to be 

For the extreme red, about - - 10° ^ 

For the mean rays, - - - 6 59 

For the extreme violet, - - - 4 16 

The extraordinary images seen by reflection, and their com- 
plementary pair by transmission, are completely obliterated by 
surrounding the mother-of-pearl with oil, or varnishing its sur- 
faces. This, however, is so far from impairing the nebulous 
masses, that it heightens them a little, by perfecting the polish ; 
and should any doubt arise as to the identity of either pair, 
(which wrill sometimes happen), it may thus be immediately re- 
moved. From all these circumstances, compared with what Dr 
Brewster has demonstrated respecting the former pair of images, 
we mi^t reasonably conclude that the latter are entirely un- 

* By passing a sua-beam, J.th of an inch in diameter, through a thin plate, 
aind meMuring the images projected on a screen. 

If 2 
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^^MBnecUMi nith atiy peculiarity in the superficial structuref And 
^^HKwx:e]y expected the apphcatiou of the microscope to afford 
lartlier infonnatioii, or leaJ to any result worth notice. My 
surprise, therefore, was extreme, when, on examining every po- 
lished specimen of mother-of-pearl in my possession with a 
powerful double microscoiK, I found tliat this extraordinary 
body, in addition to the irregular gixMved supcrficaal structure, 
HO beautifully deBcribt:d by the above-mentioned philosopher, 
possesses (at least to all appearance) another of great regulari- 
ty and delicacy ; hut, like tlie furmer, resisting every attempt to 
impair it by iJolisIiing the surface. It may lie seen to most ad- 
vantage ou a tliiii poUshed specimen, in wliich the first set of 
imdulations vary a good deal in direction and coarseness. When 
we view such a plate successively with a series of increasing 
magnifiers, under a double microscope, a power of ISiJ will 
barely shew, and one of 229 completely verify, the appearance 
of a minute system of rounded undulations, consisting, as it 
were, of fibres occasionally branching from each other, but 
never continued for any leuglli. They are uniformly diff'used 
over the whole surface, and, in their general direction, di^Msed 
in strait and exacdy parallel lines, running from one end to the 
other, (See Plate III. Fig. 1.) In conbequence tliey cross the first 
set of grooves at all angles, giving the whole surface much the 
appearance of a piece of twilled silk, or tlie larger waves of the 
sea intersected ivitli minuter ripplings. Fig. 2. is an imperfect 
attempt to represent this appearance. 

The interval between these imdulated appearances is nearly 
the same in all the specimens I have examined. To ascertain 
it, twenty-five were counted in the space of an inch, in an image 
projected on a plane 10 inches from the eye, while the diameter 
of a small wke, projected on the same plane with the same 
power, measured 7 inches. The diameter oi this wire, taken by 

the Bphwrometer, being 0-0227, ^ves 0.000129, or 7,'odA «f I 
aninchfortheirmutual distance. To see them distinctly, a cUv- I 
fu! management of the illumination ftom below is neMBsary, 
and candle-lighl used. 

demonnti ion of these undulations, ( 



wther real or 
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y Moilier-nf-Pcarl. 
cond Bct of grooves, denoting those observed liy Dr Brewster 
by the first set), with the nebulous masses above described, 
chose a plate in which the first set varied from the extreme of 
coarseDesB to that of delicacy, and were particularly irregular in 
their direction and curvature. In this I carefully marked, by 
small ink circles, several spots, numbered 1, 2, 3, 4, 5, 6, 7, 
which were then subjected to microscopic eiiamination. 

At No, 1 and 2, The two sets of grooves coindded in direction. 

At No. 8, They made an angle rather more than 45° by the 
eye. 

At No. 4, No grooves of the first set could be seen, but a 
power of 229 shewed some obscure and very irregular traces 
of coarse elevations and depressions. With this power, how- 
ever, the second set were seen precisely as in every other part 
of the surface, and Jn the same uniform direction. 

At No. 6, The first set, as they approached this point, grew 
smaller and smaller, requiring powers of 26. 34. 43. 123. in suc- 
cession, to percrive them. With this latter power the second 
set just became visible ; wJiile with 2S9, botli sets were seen 
crossing each other at right angles, witJi the most perfect regu- 
larity and distinctness, the former being about twice tlie breadth 
of the latter. 

At No, 6, The direction of the first set varied a good deal, 
crosfong the second from 45* to 60°. 

At No. 7. They crossed at a small angle. 

I now detached the mother-of.i)ear), and by passing a small 
sun-beam successively through each of tlic marked spots, and 
nolicdng the relative situations of the two pairs of coloure<l 
images, it appeared that 

At No. 1 and 2, The axes of dispersion in the first and second 
pair of coloured images were coincident. 

At No. 3, They made an angle of 45° witli each otlier. 

At No. 4, There were no coloured images of the first pair 
vrhalever, while those of the second pair had precisely the same 
appearance and direction as in the other parts of the plate. 

At No. 5, The axes of dispersion formed a right angle, the 
images of the first pair being very vivid, and separated by an 
unusually large internal. 
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At No. 6, The axes of (liepersitm furmcd on angle e 

At No. 7, They were 17° inclined to each otliCT. 

In general, in different specimens I could always predict, a 
priori, the situation of the iiebulotis masses of the second pair, 
by observing with the microscoiie the direction of the second set 
of grooves, to whicli they are invariably at right angles; and the 
conneelion between the two phenomena is thus clearly demon- 
strated. Yet this connection is not, as in the case of the re- 
fleeted colours, that of cause and effect. Tlie nebulous masses, 
as we have seen, subsist when the grooves (if any) are obliterat- 
ed by immersion in a fluid of equal refractive density. It is, 
therefore, in the internal structure of the pearl, that we must 
look for the common cause o^' botJt appearances. When wc eit- 
amine a thin plate of tins substance by polarised light, the phe- 
nomena of a crystal with two axes ol' double refraction are ob- 
served • ; the isochromatic lines being perfectly regular, and si- 
milarly disposed in all parts of the surface, and the colours, 
though not vivid and somewhat hazy, yet following in ther 
proper order, and extending sometimes to 6, 7, or 8 repetitions 
of the same colour from either pole -f. If, now, we notice the 
atuation of the axes of no double refraction, with respect to 
what has above been called the axis of nebulous dispersion, we 
diall jind, \\\nX the latter ism aU cases at right angles to (hephne 
in xvhich lite former lie, or to the opUc meridian of the crystal. 

The nebulous masses, then, in all probability, originate in a 
regular laminated structure, perpendicular to the natural surface 
of the shell, and uniformly pervading all the costs of which it 
con^ts. The laminee, to agree with the above facts, must run 

■ Tbe systuns of nogs and the two axes of doujile refrnctioo, were dJecovered 
*y Dr Brawaiei', and Hiis is the only eiainjile of Iheir occurrence in aulmtfliites of 
onimal and vegeiable urigin, esecpling in ttie case uf njirrmaLcti, where be niso 
found them. See Phil Traaj,. 181* p. SIT., anil Ifilfl p. B30,-Kd, 

■^ Owing to the fleiibillty of mDllier-of-pi>Rr1, h h iiiipoBf.flile to procure fKiIish- 
od plates of any regular thickness, wlien below ttie 8Ulh or IGOlh of an indi, wbieh 
is the IhicLness roost convanieiit tor these eipci'iirwnts. Ueiioe it it iluliapenaJiIy 
neccMory to eimojiiie '■— - rainiile portion of the plalo at o tinic (aa ^'_th of an 

inc!)),and lo pneu ii^ ■ariuus porta uf its auifacc i olhetwise Ihesy*- 

t thicknesses at once under e 
IcrfeTB with, onotliEr, and might leail us to apprehtnd 
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Ynrallel to earJi other, and in lines nearly stmght along tiie 
whole Burface, and the alternate nnes at least must bfe regulaf 
CTystals, having thar optic meridians parallel to their own 
planes, and their optic axis (by which I mean ilie axis o^ 
symmetry in their spheroid of double rd'raction) perjx^ilicutar 
to the natural surface. The intermediate laraina;, if composed 
of the same substance, must have their axes inclined to ihijse of 
the former at some determinate angle, depending probably on 
no very remote laws of crystallography. The grooved appear- 
ance above described, may possibiy arise from an actual d\We~ 
rence in the resistance of these two sets of laminse to tlie action 
of the polishing particles, and therefore consist in a real di^e- 
rence of level ; but this I much doubt, from the simple fact, 
fliat I have never been able to transfer their impressiou to oth* 
tranepareut bodies, such as molted ra^n, shel-lac, twlsam of 
Tohi, &c though in all cases the first set of gnwves, however 
fine, ha« been transferred with the utmost jidelity, and the 
7700th part <rf an inch, though a very minute (jUaiiUty to our 
flenses, appears to me enormously too wide to oppoRe the free 
intro<1uction of a fluid under such circumstances. It is more 
probable, that the appearance is a mere optical illusion, thou^ 
a most com[Jete one, arising from the difference of action of the 
condguous surfaces on the light transmitted from below. 

The regularity of structure here supposed, is not at all in- 
compatible with the irregular and arbitrary cBsposition of the 
grooves described by Dr Brewster. These are the intersections 
<if the plain miificiai surface with the thin coats deposited in 
flticcesnoQ by the living animal, which, though lad symmetrically 
on each lOther, like die lamina; of mica, have yet a sHght de- 
gree of irregular curvature, and a small and varying inclination 
to the polished face. Their form and breadth is regulated by 
this curvature and inchnation, like the level lines traced by a 
reefing tide on a slightly inclinetl sea-beach, or those on tJie 
surface of a wooden board, where its concentric layera rise in 
BDCcesHon at (Efferent angles to the surface. Indeed, the face of 
an ordinary deal plank, cut at some distance from tlw centre of the 
tree, however coarse the amile may appear, when .smoothed by 
planing, and afterwards snbjected to the friction of rough particles, 
i in a floor, is a lively and fiuthful representation of the surface 
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of a polislied plate of motlier-of-pcarl, in which the edges of die 
Umins, reduced to the utmost tenuity, by the effect of their in- 
clination t(> die general surface, are torn up in thear direction of 
least resistance, by tlie action of the polishing particles. This 
ia rendered perfectly evident by the microscopic examination of 
the surface, in different stages of its progress from the rough 
grinding to the most perfect polish, when the grooves, from an 
ut^uIbt, ja^edi and deeply indented outline, vill be seen to 
assume a greater and greater neatness of termination, till their 
curvature acquires that graceful and flowing character which 
ultimately distinguishes ihein. See Figs 3. 4. 2. 

I must here take an opportunity to remark, that Dr Breir- 
eter'a conclusion, as to the existence of a second reflecting fOTce 
below that which produces the ordinary image, does nol appear 
to me to rest on sufficient evidence. Were it indeed true, that 
tlie whole face of a polished plate of mother-of-pearl consists of 
elevations and depressions, with litde or no intermediate plane 
surface, his conclusion would be irresistible ; but, in all the mi- 
croscopic observations I have had occasion to make, such has 
not ap])oared to me the case; the flat interval between two 
grooves bearing always a sensible proportion to that curvilinear 
depression which constitutes the groove itself, and affording a 
surface whose section may be represented by sometliing hke 
rig. 5., where the portions ab, ab, are true planes on which 
the ordinary reflection may take place; and as each groove 
bears a very small proportion In breadth to the diameter of tlie 
pupil of the eye, the effect of the intervals bca, bca, is merely 
to abstract a certain uniform portion of light I'rom regular re- 
flection, and disperse it according to their own peculiar consti- 
tution and figure. This disposition is very distinctly visible in 
the impression of the surface taken on rosin, though less so tn 
the peflxl itself (unless in the first stages of its polishing), from 
the dispersion of the light in its interior, which renders micro- 
scopic observations on it j^eculiarly liable to illusion ; while in 
the impression on rosin, each groove is seen with admirable dis- 
tinctness, and its shape and the inclination of its sides may be 
clearly traceil. 

Beudes the two nebulous masses above described, which lie 
parallel ta the optic meridian of die pearl, two otlicrs^ very 
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faint, but exactly similar in character and colour, may be aeen 
in thin pieces. They lie at right angles to the former, and 
at the same distance from the centre. It is evident, that ne- 
ther these, nor the two piincipal nebulous images, are to be 
confounded with any of " the tour images" which Ur Brewster 
describes as " seen by transmifision in irregular pieces, which 
have the ases of extraordinary reflection of their two surfaces 
not CBiacident." Fig. 6. is a representation of the whole system 
of images, as seen in a good specimen. 
Slough, Juli/ 12. 1819- 



XXI. — Account of Micrometer f Jbr measuring Distances: 
By the late James Watt, Esq. LL. D. F.B. S. Lond. and 
Edin. Member of the National Institute of France, and of 
the Batavian Society of Rotterdam. 

UNE of the instruments which I propose to describe in this 
paper, was contrived about the year 1770 or 1771. I know t 
used it in the surveys of the Crinan and Gilp and the Tarbert 
intended canals, and also in the survey of the canal from Invw. 
aeSB to Fort William, now called the Caledonian Canal. The 
former survey was in 1772, and the latter in 1773, and it was 
IB 177S that I showed it to Mr Snicaton. 

The instrument I used was a telescope, with an object-glass 
of twelve inches, and an eye-glass of one and a half inch focus, 
consequently magnifying eight times. In the focus of the eye- 
glass tlierc were placed two horizontal hair.':, seeFlatelll. Fig.8. 
and one perpendicular hair. The horizontal hairs were about 
one-tentli of an inch distant from each other, and as stiictly pa- 
rallel to each other, and at right angles to the perpendicular 
hair, as I could make them. A rod being placed upright at 
twenty chains di stant, or any other convenient distance, on le- 

* Tbu and other papers were, about four jcars ngo, communicated bj iheir 
dislinguiihed author to Dr Brewster, with permission to give Ihem to the 
public in any way that he thought proper. We «haJI publish them exactly ai 
thej were communicated by Mr Wall ; and ve have no doulit that, independent of 
(helT ralue, at the producdmiB of one who has wrillen so little, and invented so 
much, they will he held in still higher cilimatioii, a> exhibiting the early Invtn- 
lion* of ene of the greaCcit mechanical geniuses of any agi ei nation.— En, 



1 
I 



y hai 

i illd 

L twe 

I rod 

^^^H tnci 



IW Mr WaU ttn J^ew Micrometei-v. 

vel ground, an index, consisting of a pound disk rf about eiglil 
inclies diameter, painted wiiite, with a horixontal Jine of oas 
indi wide, painted on its horizontal diameter with vermilion, 
fixed upon the rod about one foot from the ground, and 
ther similar index waa moved up and down tlie rod, unlilt u] 
looking through the telescope, the two horizontal hairs covt 
tiie red stripes on die lower and upper indexes ; the leh 
being turned on its axis until the perpendicular liMr was 
lei to the rod. The indexes being thus covered by tJie hori; 
tal hairs accurately, the upper index was fixed to the rod, 
the distance, between the middle of die red stripes, on the ti 
indexes, was divided upon the rod into twenty parts, represent 
to many ch^ns, which, with tlie instrument I used, were 
tlie rod about four and a half inches each ; and fof dial 
exceeding five chains, this division into equal parts was suiEcieat 
ly accurate ; but for shorter distances it it« not strictly so. t 
therefore fixed a pin at every chain, and holding up the 
at each of them, made the necessary correction ; and as the 
eua of the object-glass is also affected by the distance, it is 
per to adjust the eye-glaes to it at each station. The divimoM 
on the rod being marked with die number of chains they repw>- 
sent, it waa only necessary to send an as»stant with the rod U 
any place the distance of which was wanted to tie measured, 
by signs to make him move the upper index up and di 
the two horizontal hairs covered the red strijies on the upper 
lower indexes ; the diriaons on the rod then sliowed the di^ 
tance, which I found could be ascertained to within less than 
one-hundredth part cS the whole distance, and with a higltei! 
magnifying power, could be done pro]«irtional]y more ac( 
The rod I commonly used was twelve teel long, and 
quently couM measure thirty chmns; but by sliding an 
red upiHi it, so as to lengthen it, I measured greater dista 
and where still greater were wanted, I stretched a tape 
zontally, and turning the telescope on its axis, made the f 
hmr parallel to it, fixing one index at the end of the tape. 
sliding the other ', until it subtended the distance 

tween the wires. ired the subtended tape \vith 

rod, and so ascei ice ; but this expedient I 

ly had recourse i I generally had occasion 

measure rarely e) iile, or forty chains. 
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It is pl&in thftl thie instrument possesses ihe ndvantflge of 
inpasunng all distances with equal accuracy, until the imper- 
faction (rf viaon at great distances interposes, as tlie seale on 
which they are measured expands with the distances, and in un- 
even ground it possesses moK accuracy than the chain, and is 
very Taluahle in measuring distances from one hill to anothef, 
anA across bays of the sea, where the chain cannot be used, 
which I experienced, in the survey of West Loch Tarbert, the 
northern shore of which is very much indented, and so rocky, 
that it is scarcely possible to measure a tow chains in a straight 
line upon it. 

I showed the instrument to all my friends at the time, and, 
amoBg others, to Mr Smeaton, as I have mentioned, and used 
it publicly in my surveys, and it was consequently known to 
many people, thougii not published. 

A Mr Green, in 1778, applied to the Society of Arts fw a 
premium for the same invention, which Mr Smeaton apprised 
me of, and also informed the Society of my claims, in conse- 
quence of which I was deared to attend their Committee, where 
I informed them of what I had done, and at what time. Yet 
the Sodety thought fit to award Mr Green the premium, 
though his invention or use of the method was posterior to 
nune, I mppuse because he had used an instrument of higher 
Biagiufying power, viz. Forty, and consequently had been able 
to measure greater distances, and, as was said, with greater ac- 
curacy. 1 made no further reclamation, as I perceived it was 
not in that court I could obtain justice; and as I dislike paper- 
war, I did not apply to any other, though there were people 
then living who could have attested my use of it. 

Another Micrometer with a prism, I invented, I think, abtnit 
that time ; it'consisted of a thin [irism, with its surfaces nearly pa- 
rallel, or inclined one degree or two, as in Plate III. Fig, 9. This 
IHiBtn was cut by a diamond into two parts, which, when they were 
fixed in tlie same jdane, refracted all the rays which passed through 
them equally ; but one of them rernaining fi\ed, and the other 
moving on a centre at a, according to the dotted line, would re- 
fract that portion of the rays which passed through it, more 
than those which passed through the fixed part, and being pla- 
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ced in the Focus of the object-glass of a telescope, two itnagCA I 
vere formed of each object, by which its diameter could WJ 
measured. An index, and divided sector of a circle, served M 
neasure the comparative refractions. 

This instrument I made with the sector and radius of woe 
■nd gave it to Professor Anderson, of Glasgow College, and, \ 
(uppose, it is still among his apparatus, which he left to a p 
Kic institution *. The Abbe Rochon afterwards published, i 
1783, a description of some micrometers with prisms, buffl 
think they were upon somewhat different principles in thei| 
construction. 

The cross^hair micrometer, as described, leaving me too a 
in the power of my as^stants, where the distances were grea 
than permitted me to read off the number of chai 
myself. I thought of another about 1772 or 1773, which o 
wsted of a telescope with an object-glass of a bng focus, 
direc or four feet ; this was placed in a tube with a slit in o 
sde of it, nearly as long as the focus of the telescope, and the 
object-glass being fitted to a short tube, which slid from end to 
end of the slit, could be moved backwards and forwards b 
means of a piece of metal fixed to the short tube, and c 
out through the slit ; a glass of »x to nine inches focus vras a 
fixed in the outer tube, of the nature of what is called a. fi 
glass, and to this was added an eye-glass, with a cross hur-p 
in its focus. 

Now it is evident, that if the object-glass be moved nea 
the field-glass, their common focus will be shortened, and ti 
image at the cros*-hnirs diminished proportionally, until i 
glasses come into contact, when their common focus will I 
shorter than that of the field-glass alone ; and two indexes fixi 
upon a rod being subtended by the cross-hair at any given d 
•tance, the same rod with its indexes being removed nearer the 
observer, upon sliding the object-glass nearer the eye, they may 
again be subtended by the cross-hairs, and a scale on the side of , 
the tube will show the comparative distance they have h 
moved, and the if the first object being known, that 
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the (ecoDil will also be su. This scale could not, however, be a 
settle of equal parts, but ooe which could easily be lad dowu. 

I made a rough model of this, instruuient at the lime, but 
fiave never completed it, liaving been since engaged in con- 
cerns where sueh Instruments were unnecessary, I descri- 
bed it, however, to several of my friends at tlie time, and, 
among others, to the late Mr Ramsden ; but whether it has 
been thought of by any one else, cr tlie problem publislied, I 
am ignorant. 
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\bt. XXII. — Account of Mr MoRTOit's Patent Slip, for haul' 
ing Vessels out of tJie water to he repaired, ^c. Drawn up 
Stora information communicated by the Inventor. 



JL HERE are few of tlie practical inventions of the present day 



that are eutitled to a liighcr rank, in pcnnt of real utility, than 
the shp recently invented by Mr Thomas Morton of Leith, for 
hauling vessels out of the water in order to be repaired. Some 
years ago Mr IVIorton conceived the idea of superseding the ne- 
cessity of dry-docks by the use of a simple apparatus. He ac- 
cordingly erected one in his own dock-yard at Leith ; and 
after experiencbg its benefits, anJ brining it to perfection by 
successive improvemeiUs, he secured, by a patent, his exclu^ve 
right to the invention. 

This apparatus, which he calls a Slip, is represented in section 
in Plate I. Fig. C. where A, B, C are the sections of dvee 
rwlways constituting a plane, inclined at nearly the same angle 
OS the slips generally used for building ships. This railway is 
placed on a sloping beaclij and extends from above the reach of 
the tide down to low water-maik. A carriage or frame of 
wood, seen in section at D, E, F, G, H, runs along the iron rail- 
way upon rollers or truck- wheels, having flanges to guide thrasi. 
Blocks are laid upon the middle or keel-beam E, of the car- 
riage, to such a height, that the keel of the vessel may clear the 
ends of the cross-pieces D, F ; and each block embraces four 
trucks, two on each side of the beam. The blocks seen at M 
and N, which slide upon the cross-pieces, are made up to cor- 
respond to the rising of the vcssd'a bottom. They run out to 
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atm dxtremity of the ONMS-piectiy and their rapes r i, Qr bekmg-A 
ing to the left hand bloclu, and # to the right hand ones), erosr- 
iffg the caiziage, are reeved through a sheave attaehed to the 
gppoite cross-piece, up to the top of the rope rod. The shores 
S.S (when any are necessary), are put into their places, turn 
upon a joint at T, and are secured (when the vessel b floating 
on) from fiilling outwards by a small cluun. 

When a slup is to be hauled ashore, the carriage^ thus pre- 
pared, is let down the inclined plane, generally at low water. 
The chain of a powerful capstan is then attached to the car- 
riage, and a water-staiF is placed at the fore^nd of the keel- 
beam, to mark the depth of the water, and be a guide in float- 
ing the vessel on. The vessel is then brought to the lower 
end of the carriage, and hauled over it, (having bow and quar- 
ter lines to steady her), till the advanced part of her keel takes 
the blocks between the fore-foot guides. The ends of the rop^ 
r s are now taken on board from the rods R R, but kept slack, 
and the vessel is hauled forward, as the water flows, until the 
keel takes the blocks at the contracted part of the guides, which 
are just wide enough to receive it. Being still afloat abaft, (ha- 
ving been previously so trimmed), the vessel is then adjusted 
over the blocks abaft by a water-line. When the iron-^ides 
ab, cdf are hauled up by their ropes a e,dfj they confine 
her to settle down truly. By heaving the capstan, she will 
soon take the blocks abaft, which is observed by the water-mark 
left on her bottom ; she is trimmed upright, and the foremost 
bilge or sliding blocks hauled in tight. As she rises out of the 
water, each succeeding block is hauled in, but not till the 
weight of the vessel has settled well on her keel. The sliding- 
hlocks are prevented from springing back, by their palls or catch- 
es falling into their racks; the shores are brought to her sides, and 
tliere secured. When thus secured, she is hauled up the inclined 
plane, at the rate of from 2^ to 3 {eetjper minute, by idx men to 
every himdred tons. Being hauled up, she is shored from the 
ground ; the keel-beam is secured from moving ; and the sUding- 
blocks, with their cross-pieces, are in a few minutes removed^ 
when the vessel is ready to be repaired. 

The blocks being relieved of the vessel in the usual manner, 
the Veel-beam, with the after cross-beam, will run from under 
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1 ker, Tiie carriage in again put togetlier, oiul anuthcr vessel 
con Ije bault-il up a-stcm of tlie former. 

When a vessel ia to be launched^ the cross-pieceH, with their 
blocks, are put under her, and she ia instantly let into the water; 
— or, to launch and haul up vessels the same tide, temporary 
blocks are ])ut under tlie bottom of the vessel to be launched, 
upon the cross-pieces, instead of the sliding-blocks, which are 
prep&red as before to suit the vessel's bottom to be taken up ; 
ihe vessel is laimclied ; when she, and the temporary blocks 
which steadied her, float from the carriage, and the other vessel 
is taken on, and Imuled up its formerly described. 

One of the great advantages of Mr Morton's slip is, that it 
can be constructed in situations where it is impossible to have 
a dry dock ; and that it can he removed from one place to 
Miother, and may even be carried on board n ship. Being 
above ground, the air has a free circulation ; the men work with 
moFe comfort, and, in winter, they have the light much longer 
than within the walls of a dry d€)ck. Time is even saved in 
carrying the materials for repairing the ship ; and such is the fa- 
cili^ of the wliole operotion, that ships can he hauled up, in- 
spected, and even gel a trifling repair, and be launched again 
the same tide. As the mechanical power is attached solely to 
die carriage, the vessel is exposed to no strain, and the process 
of pepiuring one vessel is never interrupted by hauling on another, 
OB in dry docks. 

A slip for a vessel of 300 tons can Ite constructed for about 
L. 500 or L. 600 ; and tlie expence of taking up a vessel will 
not exceed irom twenty-five to thirty shillings. 
The foDowing Estimate, for Slips of a large aze, has been com- 
municated to us by Mr Morton : 
Eatimate of the Expence of a Slip capiMe of containing tm> 

Vessels, one of 400 tons, and another of\50 tons. 
1st, Middle and Mde ways of the incliued plane of American, 
red pine, with cost-iroQ riulwajs complete, 30O feet long, 
at 20s. - - - L. 300 

Sd, Ciurriage or moveable frame, liie keel and side- 
beams of which are American white oak, all the 
tross-beams of English oak, &«e of sap, with 
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sliding and keel-blocks, with its truck and axles 
turned, and all other iron work complete, &c, SM 

Sd, Chain of best Swedish iron, S30 feet, at 13s. 4d. 153 G 8 
^th. Machine capstan complete, . . 65 

Sth, Patent right, confined to one set of railways, 
but may be transported to any other lutuation, as 
the whole apparatus can be stowed in little bulk ", 200 

L. 958 6 8 

Mason work, or piles for foundations, say - 160 

but this depends on the nature of die soil. 
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In the preceding sliort account uf Mr Morton's slip, our oa- 
ly object has been to convey to general readers some idea of its 
construction and advantages. Those who take a deeper interest 
in matters of this kind, will not fail to see the apparatus actual- 
ly at work, and to examine all the details of its coiistructic9k_ 
which evince much ingenuity and mechanical skill -f. jl 

Wc shall now conclude this notice, witli tlic opinion of one,^l 
the most skilful and suentific navigators of the present day, in ^fl 
vour of Mr Morton's inventio n. " The advantage of such an a|^| 
paraCus," says Mr Storesby, " in a vessel bound to the polar naUl 
^ons on discovery, might be very great, provided, in the place 
where lliere should prove a necessity for using it, the rise of" tide 
should be sufSctent for admitting its application, if die 1 
should be uf a sloping nature. It could be prepared in s] 
pieces, so as to be fitted together with screws ; and though % 
tended for sustaining the weight of a ship, would be by no u 
very cumbrous. Indeed, any vessel of SOO tons burden, * 
upwards, might easily carry it out in her hold, without mat 
rially, if at all, interfering with the room requisite for her s 
Thus a vessel having occasion to winter in BaflSn's Bay or DavMB 
Strait, would require only the adjustment of the frame i 
ways, which three or four skilful mechanics might efiect iaJ 
few days, before she cm\\A be hauled up on dry land quite fi 
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Mr Survciison on the ScoUiah FU}ieri£s in August 1S19. \9Q 
ycmd the reatU of eitlier ice or tides, where &he would consiitute 
as cmnfurtable a dwelling as could be expected in sucli a country. 
The apparatus could even be applied wlicre there was not a fall 
of tide equal to the deptli of water drawn by the vessel, by the 
use of a siuail coffer-dam, sufficient only to stop out the tide at 
low water, until the railway should be adjusted so far down 
that at high water the vessel could float upon the frame while 
resting on the railway. Tiien the force of the sJiip's company 
WOvld be amply sulHcient for drawing the vessel up on land *." 



Aja. XXm. — Notke regardtTig the Slate of the Scottish 
Fitheriea in August 1819. In a Letter to the Editors, from 
AoBEBT Stevenson, Esq. F, R. S. E. En^nocr to the Com- 
ijwsnonera for Northern Light-Houses. 

XIAVING been for many years conversant with the naviga- 
tion of the Scottish seas, I have, prior to the war with Holland, 
seen fleets of Dutch busses engaged in the hcriing- fishery off 
the nortliem parts of our coast. For a long time past, how- 
ever, these industrious fishermen had not ventured to approach 
these ^ores; and they are now only beginning to re-appeor. 

In the early port of August last, while sailing along the 
shores of Kincardineshire, about ten miles oH' Dunottar Castle, 
the watch upon deck, at midnight, called out " Lights a-head." 
Upon a nearer approach, these Hghta were found to belong 
to a. small fleet ol' Dutch fishermen employed in the deep- 
eea fishing, each vessel having a lantern at her mast-head. 
What success these plodding people had met with, our crew had 
no opportunity of inquiring ; but upon arriving the next morn- 
ing at Fraserburgh, the great fishing station on the coast of 
Aberdeen, we found that about 120 boats, contjuning five 
men each, had commenced the fisbing. season here six weeks 
before, and had that night caught no less than about 1500 
barrels of herrings, which in a general way, when there is a 
demand for fisli, may be valued at L. 1 Sterhng per barrel to 
the fishermen, and may be regarded as adding to the wealth of 

' Sacreiby'i AreouM efthe Arctir Repmi, vol, L p. 32, now in the press, 
■ KO. S. JAXDABY 18^. I 
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Mr Stevenson on the Sfale of the 
the country pL'r!ia{>s not less i}iLtn L. 3O0O. In coasting along 
between Fraserburgh and the Orkney Islands, another fleet rf 
Dutch fishermen was seen at a distance. The harbour and bay 
Af Wick were crowded with fishing boats and busses of all de- 
acriptions, collected from the Frith of Forth and southward 
even as far as Yarmouth and L/)westoffe. The Caithness fish- 
ing was said to have been pretty successful, thou^ not equal to 
what it has been in former years. 

In the Orkney and Shetland islands, one would naturally 
look for extensive fishing establishments, both in herrings, and 
what are termed White Fish, (cod, hng and tusk) ; but it is a 
curious fact, that while the Dutch have long come from thrir 
own coast to these islands to fish herrings, it is only within a 
very few years that the people of Orkney, chiefly by the spirit- 
ed and praise-worthy exertions of Samuel Laing, Esq. have^- 
ven any attention to this important source of wealth. It has 
long been a practice with the great fishmongers of London to 
Bend their iceUed smacks to fish for cod, and to p1m3ha.se lob- 
sters, around the Orkney islands ; and both are carried alive to 
the London market. This trade has done much good to these 
islands, and has brought a great deal of money to them ; but 
still it is of a more circumscribed nature, and is less calcula- 
ted to swell the national wealth, than tiie herring and white 
fishery in general. 

Hilherto the industry of the Orcadians has been chiefly di- 
rected to farming pursuits ; while the Shetlanders have been 
almost exclusively occupied in the cod, ling and tusk fishing. 
It is doubtful, indeed, if, up to this period, there be a single 
boat belonging to the Shetland isles, which is completely equip- 
ped for the herring fishery. But here, agsun, another fleet of 
Dutch doners was seen collecting in numbers off these islands, 
which is considered a rich harvest in Holland. So systemati- 
cally do the Dutch pursue the fishing bu^ness upon our coasta^ 
that their fleet of Busses is accompanied by an Hospital-ship. 
This vessel we now found at anchor in Lerwick roads, and 
■were informed tha' ' 'd weekly visits to the fleet, to supply 
medidnes, and to ' the people f^ng ack, or raeeU 

mg with any occi 



Though Slietland is cei-Uinly not so iiiucli an agriciultural 
ODimtry as Orkney, yet it may be hoped tliat the encourage- 
ment judiciously held out by the Highland Stxiiety, for the pro- 
duction of green crops in Slietland, may evenluaJly have llie 
effect of teaching these insular farmers the practicability of pro- 
viding fodder iiir their cattle in the spring oi' the year. For ages 
post this has been a great desideratum. The Lommand of a 
month or si.v weeks fodder, would enable the proprietors of that 
country to stock many of their fine verdant isles with cattle, 
and to employ their hardy tenantry more exclusively in the 
dijferent branches of the fishery. 

It is well known, tliat, next to tiic Newjbundland Banks, those 
of Shetland are the most productive in ling, cod, tusk, and 
other white fisli ; and by the recent discovery of a bonk, trend- 
ing many leagues to the south-westward, the British merclianls 
have mode a vast accession to their fishing-grounds. In tlie 
small [Hcturesque Bay of Scalloway, and in some of the other 
bays and voes on the western ade <)f llie Mainland of Shet- 
land, the fisliing u]K>n this new bank, (which I humbly pre- 
auine to term the Hegekt Tishihg-Bank, a name at onco 
calculated to mark the period of its discovery, and jiay a 
(wwper coniplicicnt to the Prince,) has been pursued witli 
great success. Here small sloops, of from 15 to 25 tons bur- 
den, and manned witli eight persons, have been employed. In 
theb^nning of August they had this summer fished for twelve 
weeks, generally returning home wicJi their iish onco a-week. 
On an average, tliese vessels had cauglit 1000 fine cixl-fish a- 
week, of which, about COO in a dried state go to the ton, and 
these they would have gladly sold at about L. IS per ton. So 
numerous are tlie fish upon the Jlegent Fishing Bank, that a 
French vessel, belonging, it is believed, to St Maloes, had sailed 
with her second cargo of fish this season ; and diough the fisher- 
men did not mention this imder any apprehension, as though 
there were danger of the fish becoming scarce, yet they seemed 
to regret the circumstance, on account of their market being 
thus pre-occupied ". 
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• Here, and nt Orkney, wc liad the pleasure to see many shl^as 
JBTiving from the whale-fishing, and parting with a certain pr*^- 
•portion of their crews. To such an c\tcnt, indeed, are tfeme 
■•orews of the whalers made up from these islands, tliftt it is c^J- 
-oulated that not less than L. 1 5,000 in cash are annually brougt^t 
>into the islands by this means. With propriety, therefore, m^j 
-the whale-fishery be regarded as one of the most producli*^ « 
sources of national wealth connected with the British Fislieriea — 
From tlie Orkney and Shetland islands our course was dirc*;^^ 
ted to the westward. A considerable salmon-fishing seems t-*> 
be carried on in the mouths of the rivers of Lord Reay's Cour"^ 
try in Sutherlandslure : the fish are carried from this to Aber^"- 
deen, and from thence in regular trading smacks to Londor^^- 
We heard Uttle more of any kind of fishing till we reached th -^^ 
Herris Isles. There, and throughout the numerous lochs ancs^ 
fishing stations on tlic i^Iainland, in the districts of G^rloctK- ) 

Applecross, Lochalsh, Glenetg, Moidart, Knoidart, Ardnamur- 

chan, Mull, Lorn and Kintyre, we understood that there was ^^* 
general lamentation for the disappearance of herrings, wbicL:^;^ 
in former times used to crowd into lochs which they seem noM—"** 

to have in some measure de-aerted. This the fishermen suji 

pose to be owing to the Scltools being broken and divid. 

ed about the Shetland and Orkney Islands ; and they remark,^ — 
that, by some unaccountable change in tlie habits of the fish^^ 
tlie greatest number now lake tlie east coast of Great Britain—— ^ 
This is the more to be regretted, that in Sky, the Lewis, Hai 
and Uist islands, the inhabitants have of late years tun 
their attention much to the fishing. Indeed tliis has follow) 
as a matter of necessity, from the general practice of « 
verting the numerous small arable farms, which were perhs^J 
ndther very useful lo the tenants, nor profitable to the l^i^ J 
into great sheep-walks ; so that the inhabitants s 
generally assembled upon the coast. The large sums expended 
in the construction of the Caledonian Canal, have either direo£»~ 
Iv or indirectly become a source of wealth to these people : they 
have been enahtefl to furnish themselves with boats and fishing 
tackle, and for one fishing-boat, which was formerly seen in the 
Hebrides only twenty years ago, it may be safely affirmed that > 
ten are to be met with now. If the same spirit shall continue tifj 
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be manifested, in spite of all the objections which have been urged 
against tlie salt laws, and the depopulating effects of emigration, 
the British Fisheries in these islands, and along this coast, with 
a little encouragement, will be wonderfully extended, and we 
^lall ere long see the Highlands and Islands of Scotland in that 
state to which they are peculiarly adapted, and in which alone 
their continued prosjKrity is to be looked for, viz. When their 
■valleys, muirs and mountains are covered with flocks, and the 
people are found in small villages on die shores. 



Abt. XXIV. — Jn Account of a Neto Method of Uniting Bee- 
Hives. Communicated by the Reverend Andhew Jame- 
BONj Member of the Wemerian. Society. 

W HEN & hive is too weak to stand over winter, or when it 
is nisbed to deprive the bees of their honey, without suffocating 
them, it is now the general practice to unite the hives, in either 
of these situations. The method of uniting bee-hives, as prac- 
tised by M. Huish, except in the hands of a very experienced 
apiarian, is attended with very considerable risk to the lives of 
the tees ; whilst Bonnar's methud is not unfrequentJy at- 
tended by the destruction of a considerable proportion of tlie 
community. Feeling tlie want of some safe and effectual mode 
of uniting hives, particularly when the honey season advanced, 
I was induced to examine into the practice in this neighbourhood, 
and found a way of performing this operation of thirty years 
standing, oi which, liowever, no public notice had ever been gi- 
ven. This manner of uniting hives, is the invenUon of the Re- 
verend Richard Paxton, Minister of Tundergartli, and his 
thirty years experience, on a very large scale, should give great 
WMgbt to the invention. 

Mr Paxton B method of uniting hives is this : — An empty 
luve being procured, is inverted on the hive from which it is 
wished to dislodge the bees, either to take dieir honey, or to unite 
tliem with another hive. Betwixt the two hives thus connected, 
a small piece of wood is so placed, as to keep diese two hives 
about an inch apart on one side. The reason of placing this 
Etick across the mouth?, and between tlie two hives, is to pre- 
^■ent the bees, after being driven up the one side of the hive, 
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descending (wliith they would do) by the otiier to the hive 
from whence ihey were dislodged. The hives being in the n- 
tnation now described, tlie operator strikes on the under hive, 
(Caking care not to strike so strong as to hurt tlie combs), till 
the bees, being terrified by the noise, take refuge in the upper 
hive. A quantity of small beer must be made milk-warm, 
and as much soft sugar melted in if as will make a tliin gruel. 
A bunch of feathers, or brush, must also be ready. The ope- 
rator now gently Ufts the hive contMning the dislodged bees: 
his assistant also is ready to lift up the hive with which these are 
to be united. The hive which is to receive the new colony is 
tuincd with its mouth upwards, when a person standing ready 
sprinkles as quick as possible the bees as they show themselves 
with the hqiior already describetl. When he tliinks all are 
pretty well drenched, he stops. The same operation having 
been performed on the other hive, that is, the hive which was 
dislodged from their ovni work, these bees are emptied into the 
hive destined to receive the colony as quick as passible, and 
swept with a bunch of feathers into the interstices between the 
combs. The hive is instantly reverted, and placed on the 
stand. 

The operaUon is best performed in the evening. In a few 
hours after the Union, all will be quiet. Next day, you may 
perhaps see a few skirmishes, owing to the sprinkhng Uquor ha- 
ving missed some of them; but very few will suffer death. 
This year I do not think I lost threescore of bees by the opera- 
lion. Four quarts of small beer, with 1 J lb. of common soft 
sugar, should do for the uniting of two common sized hives. 

In this method of uniting hives, there is no danger of drown- 
ing the insects, as there is in uniting them by M. Huish''3 man- 
rier, or creating a bloody and exterminating civil war, the ge- 
neiiil consequence of Mr Bonnar's plan. 

The explanation of the principle may be left to naturalists. 
It Would appear, tliat bees judge very much by the smell, 
aitd that all those scented by the small-beer and sugar are 
thus inthiced tf) regard each other as friends and associates 
St Mi'Kr.o, ] 
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AuT. XXV, — Account of an Improved Catoplricai Micro- 
scope, hy Professor Amici of Modena. Translated from 
Gilbert's AnnaJen ". 

iyL I Clio SCOPES construtted on catoptrical principles, have 
been known since the time of Newton ; but in consequence of 
their imperfection, and the great improvements made upon the 
dioptrical instruments, they have been, of late, almost entirely 
neglected. 

Some years ago, an eminent oaturat philosopher, Professor 
Amici of Modena, constructed a very excellent catoptrical mi- 
croscope, in which he seems to have avoided the imper- 
fections to which the instruments formerly constructed upon 
the same principle were liablp, and to have combined several ad- 
vantages which are not possessed l>y the best dioptrical micro- 
scopes now in use. The ingenious inventor has latelypiblished 
a minute description of this improved instrument, in a memmr 
inserted in the 18th volume of the Transactions of the Italian 
Society. 

The botly of this microscope consists of a horizontal brass 
ttibc, 12 inches in length, and ly'iith in diameter. At one end 
of the tube is placed a concave speculum of metal, whose axis 
ccancides irith tliat of the tube, and whose superficies is ellip- 
tical, and so calculated, that of the two foci, the one falls at 
the distance of Si'^thj and the other at 12 inches from its 
centre, A small arm within the tube, carries a small pliun mir- 
ror of metal of an oval form, placed at the distance of 1 j'^ inches 
from the former, opposite to it in an oblique direction, and sup- 
ported by an oblique section ofn metal cylinder y^^th-of an inch 
in diamet-cr. The centre of the polished surface of this mirror 
c(niicideE with the axis of the concave mirror, which is situa- 
ted at the distance of 1 ,% inches from the centre of the other. 

Tiiis plain mirror is so placed, that, while it receives the 
image of the object (which is placed on a moveable objecl-liearer 
attached to the pillar lidow it) by means of a Moali aperture in 

• In vol. i. p. !!+. we have given a noBc« respecting Ihij ir.ieioscope, commu. 
nicated to ub hj His Itojal Highnesa the Archduke MHumilian, who, we undei- 
■tanil. has cixca\\y pretcnled one of Ihe Inatrumenta to the Jnipcrial Caldnel of Utr 
iunI.HiiUii'7 at Vieniia.^ED. 
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the under part of tlio body oi' the tube, it ihrowa it towards tlio 
concave mirror, in which it may be examined by the eye of the 
observer, applied to the opposite end of the tube, through a 



may- 



greater or smaller number of magnifying eye-glasses, which 
be fitted to it. 

I The internal diameter of the tube, which regulates that ot" 
the large uiirror, may be Ij'^ inches, and the thiekness of the 
surrounding metal about jutli. Upon tills construction, tlie ob- 
ject to be examined may always be at the distance oi' half an inch 
irom the edge of the tube, and consequently be very well light- 
ed on every adc,-— transparent objects from below, by means ot" 
a common illuminating mirror, fitted to the pULar, and move- 
able,— ^nd opaque bodies from above, eitlier by the natural 
light falling directly in, or by concentrating an aruficial light, 
by means of a convex glass fitted to the object-bearer,— or 
6tUI better, by means of a pierced mirror of metal, which is fit- 
ted to the tube below, over the object, so as to be brought mcae 
or less near to it. The large illuminating mirror below slioi 
be concave, having a diameter of three inches, and a focal 
tance of 2.5 at the utmost. 

The effects of the two last-mentioned mirrors maybe recipro- 
cally combined, by means of a common corresponding adapta- 
tion, — by receiving and refiecting the rays of liglit, so as to 
duce the highest degree of intensity of hght, and the most 
feet Illumination of the object on all sides, botli as a whole, 
ia its different parts, — an advantage, indeed, which may bi 
tained in dioptrical instruments, by similar means. 

The inventor conaders the proportions above ^ven as 
adapted for the convenient use of the instrument, in order 
presene, along widi a high degree of effect, and even the hi; 
est degree of magnifying power, a moderate distance of the 
ject from the microscope, viz. half an inch, which not only 
lows the most simple and perfect illumination from above, I 
also admits of our examining objects of a considerable size 
tire, without separating the parts, and also small animal: 

A common dioptrical microscope, whose object-glass hi 
distance of six lines, would corre.fpond with this state of the 
ject,andcon3equentlyadniitof similar advantages, but with a I 
diminished ma'^ifying power, of about 1500 or 2000 in the 
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Professor Amid haa accordingly oomi)iii'cd the best English mi- 
croscopes of Adams and Dollond wiih his own, and, upon a 
comparative examination of the same objects, he maintains that 
his instrument shews the object more clearly and distinctly, 
even when magnified in the same degree. The Professor had 
no opportunity of making ,experiinents with the microscope of 
De la Barre, and those made at Benedicibeuem by Utzschneider 
and Fraunhofer ; but he tliinks himself justified in concluding* 
that his own admits of a far greater degree of magnifying power 
than the latter, as he perceives that their largest microscope does 
not magnify the objects above 22,500 times in the area, while his 
goes the length of a million. He has also endeavoured to shew, 
by a mathematical calculation, that such a high degree of mag- 
nifying power cannot be attained in a dioptrical instrument. 

The following, according to Amid, are the advantages of his 
microscoj>e. 

1. The observer has the convenience of being able to examine 
the object in a horizontal position, while, in those constructed 
on the dioptrical principle, the object is examined in a vertical 
position, that is, from above. Tlie observer, therefore, may be 
seated, has no occasion to bend his head, and can examine ob- 
jects more conveniently, or for a longer time, than with a large 
dioptrical instrument on the common construction. 

2. The difi'erent degreei of magnifying power can be easily 
and speedily applied and changed, nothing more bdng neces- 
sary ibr this purpose tlian to change the eye-glass, without vary- 
ing the position or distance of the object, so that it may be exa- 
mined with great rapidity in all different degrees of magnitude, 
without the least variation of the point of view ; while in the 
dioptrical instruments, it is necessary not only to change the 
object-glass, but also the visual distance, which not only occa- 
sions loss of time, but very seldom admits of the object being 
again seen in the same position, and in the same point of view. 

S. As in this new instrument the object always remains in 
the same position, and is kept constantly at the distance of half 
an inch from the body of the microscope, it consequently admits of 
our examining objects immersed in fluids, and animals swimming, 
and that nearly at an e<jual depth, and in every degree of mag- 
nitude. With dioptrical instruments, on the other hand, this is 
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quite impossible, on account of the shortness ol" the focal dis- 
\ 
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tance in the highest degrees of magnifying power, as the object- 
lens must be brought so near the object as almost to come iim 
contact with the fluid. 

4. The light may be brought to bear upon all sides, and iik. 
all directions, even by means of a lamp or a taper, as the flamet 

be brought very near the illuminating mirror, without bcin^- 
troublesome to the observer. 

5. As metallic specula do not disperse tlie light, and conse- 
quently produce no colours, the objects appear of their natural 
colour. 

b. The diameter of the concave mirror being so large, com- 
pared with its focal distance, we may expect so much more dis- 
tinctness. 

7- As the distinctness of the image produced by reflection 

greater than that produced by refraction, the degree of magni- 
fying power may be carried much higher. 

We must not omit to mention, that Professor Amici has con- 
trived, by a very ingenious arrangoraent, to convert his micnv 
scope into a species of camera luclda, in order to enable the ob- 
server conveniently and very exactly to delineate the object, in 
any degree of magnitude, at pleasure. This circumstance im- 
doubtedly enhances the value of the invention. 
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Abt. XXVI. — Account o^ ike Discovery of the Shetland Cod- 
Bank in Ifte Summer cf 1818. In a Communication from 
Samdel Hisbert, M. D. M. W. S., &c. 

X HE certmn knowledge that a very extensive Cod-bank ex- 
isted to the west of the Shetland Islands, was the discovery of 
the summer of 1818, and it will form an important epoch in the 
annals of the British fishery. The visit which I pdd to Shetland 
last year, for the purpose of examining its geology, comprised a 
period, when, from a mere suspicion of the existence of the 
bank, its reality was as a point of fact established. Aware of 
the importance of the discovery in a national prant of view, I 
omitted no opportunity afforded me to procure every informa- 
tion in my power, witb regard to its situation, extent, and pro- 
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ductivcness ; and a very brief account of die result of my la- 
^uiry was communicated to the public in January 1818. The 
testimonies which I obtaineil from various individuals, only 
disagreed on subordinate ]Niint3 ; but these I have been enabled 
to correct and enlarge by the experience of another unprece- 
dented season of successful fishing conducted on the new bonk. 

The cud-bank of Shetland is described by the Usheniien as 
lying from iwenty-five to thirty miles west of Foula. That its 
extoit is very great, all who have fished upon it agree. The infor- 
ination politely given me by Mr Sheriff Duncan of Lerwick •, 
fully corroborates the previous statement I had made on tlie 
subject last year. " The fishing veB^^els,'' says this gentle- 
miui, " speod tliemselves so widely over the bank, that it sel- 
dom happens that more than two or three are in sight of each 
Other at tlie same time, yet they have never reached its utmost 
boundary.'" I shall, however, coumiunicate what is known of 
its extent, from the experience of a former season. The bank 
appears to commence near the cluster of Islands bearing the 
name of Orkney : it is said to lie into the land about sixteen miles. 
The fishermen refer to the west of Westray as its origin ; and 
from thence it is continued in a direction nearly N. by W. having 
been variously entered upon in steering from the east, even as 
far distant as about twenty miles north-west oi Shetland. If 
this information be correct, it would give to what is known of 
the extent of the bank, a distance of about 140 miles. 

Respecting the deptli of water on the bank, I reported lost 
year, that it was from 28 to 47 fathoms : the infonnation re- 
cently given me, assigns to it a depth of from 40 to 50 fathoms. 
This discrepance of opinion, whicli is not of material conse- 
quence, probably arises from the difference of observations 
taken near die origin of the bank at Orkney, or to the west of 
Foiila, where its form becomes more definite. Its breadth has 
been reported to me as varying from 18 to 45 miles ; here also 
I have met with some little difference of opinion, which natu- 
rally arises from an indedsion respecting tlie exact depth to 
which its boundaries or shelving sides may he referred, and 

• I am indebtcti Iti Mr Duncan, throiich the mcdiiim of my friend, Mr Ross, 
tefeal Lcnriek, far much Infiirnuition rdatinj; to Ihc sucmB of this jear't fishny. 
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which can only l)e rectified by cxtenave soundings. The sur- 
face oC the bank is described as in some places rocky, and in 
others sandy, and as covered by buckies, mussels and razor- 
fish". 

After recounting what is known of the bank, it may be pro- 
per to mention the speculations which have been made regard- 
ing its extent. That it is continuous with a cod-bank near the 
Faroe Islands, is contended for, not only from the general di- 
rection of the Shetland Bank, which bears towards that very 
northerly and remote group ol' islands, but also from a simil&. 
rity of character in the fish caught at each piace. The cod of 
both Shetland and Faroe have been described to me by a 
gentleman familiar with the fish, as grey backed, spotted with 
black, and tinged with a ring, which is of a brownish colour, 
inclining to grey. This continuation, then, the existence of which 
is very problematical, may perhaps take place, rather by a series 
of distinct banks in a given direction, than by one that is unin- 
terrupted. 

In connection with the history of the bank, it may not be un- 
interesting previously to enquiro if it was really known to those 
nations who cannot be accused of a supineness in the prosecu- 
tion of llieir fisheries, and my inquiries will be princijmlly di- 
rected to the Dutcli, who for nearly three centuries have been 
ihc principal fishers frequenting the coast of Shedand. 

In order to understand the history of the Shetland fishery, 
we must distinguish between those nations who prosecuted it 
through the medium of the inhabitants of Shetland, and those 
who, avoiding such an intercourse, obtained the lucrative ob- 
ject of llieir visits, by an equipment which rendered tliem in- 
dependent of the people whose coasts they visited. The merchant* 
■who prosecuted the Shetland fishery, through the medium of the 
natives of the place, wore from Hamburgh, Lubeck, Bremen, 
and Di-nmark, They ocxiupied booths or shops in tlie country, 
and trafficked with the Shetlanclcrs chiefly for hng. Tlus fish 
is caught in deep water, at a distance of thirty miles from 
land +. For this r ''g''* six-onred boats are at present 

' A b«aiitirul tipcci 1 S]y>i^gc DhlaiDCd Siom Lbe bnuk, and 

kindly furwatded to i uf Papa Slour, ia Btlached lo ■ larga. 

fragment of quatii, wL k of itliich ths bnnk is compoMd. 
_ / AJ.WS mil, Ii,.j i 
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employed, 18 feet in keel, and C in beam, the adventurous 
crews of which cany each a stretch of lines ajnounting to 6000 
fathoms, with ISOO attached hooks. The German and Danish 
merchants, who had almost exclusively conducted the Shetland 
iing fisheries for nearly two centuries, left these shores in conse- 
quence of the bounties granted for the exportadon of fish from 
Great Britain, agreeably to the acts of tJie years 1705 and 
1714. To these visitorB succeeded occasional companies of 
Scotch and English merchants, who were actuated by the new 
bounty ; but eventually the fishery devolved to the Shetland 
landholders, whose policy it was to parcel out occupations to a 
number of individuals, involving at the same time, in the con- 
ditions of their holdings, the obligation to supply them at a sti- 
pulated rate with all the ling they caught during the customary 
BUmmer season. The fish, when dried, were chiefly exported 
to the shores of the Mediterranean, and to Ireland. 

The senjnd description of visitors to Shetland, for the pur- 
pose of prosecuting the fishery of the place, comprehended, as I 
stated, that people who, avoiding an intercourse with the natives 
of the shores which they rifled, obtained the lucralive object of 
their vi^ts by an iudepeiident equipment: I here aUude to the 
Dutch nation. An inquiry into the nature of their visits to 
Shetland will involve in it the question, whether the cod-bank, 
first generally made known to this country in the year 1818, 
was or was not previously resorted to by this reserved nation, 
who concealed from the rest of the world the fact of its exis- 
tence, or whether the knowledge of it, if really acquired by us, 
scarcely became an object of remembrance, owing to our pro- 
verbial supineness in every thing relating to the advancement 
of the British fisheries ? The independent system of the Hol- 
landers, and their little communication with the natives of the 
country, the policy of which is obvious, is alluded to by Brand, 
in his Tour to Shetland in the year 1712. " The Dutch," he re- 
nrarlcs, " ccatnot be said so properly to trade with the cou.niry, as 
iojish itpon their coasts!" In fact, they only purchased fresh 
victuals from the natives, and a few stockings. 

The Dutch fisliery is first particularly noticed by Captain 
Smith, who, in 1C33, by order of the Earl of Pembroke, and the 
British Fishery Company of London, visited the islands of Shet- 



14S Dr Hilibert on the Dkcovcry oflhe Shetland Cod-bar^. 
•land. He saw 1500 sail of busseti, of 80 tons eacli, taking 
niig on the coast of Shetland, witli twenty rafters or ships of 
carrying 20 guns each, as convoys. But the confirmation which 
Ite adds to this narrative, relating to a. distinct establishment 
which the Dutch possessed, I'or the pin-puae of prosecuting the 
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of the importance of this new accession to our national 
that I shall give CapUun Smith's account in his 
'Besides 1600 sail of herring busses and 20 wafters, " there were 
also," he adds, " a small fleet of dogger-lxiats, which were of 
the burden of 60 tun and upward, which did fish only with 
liooks end lines for ling and cod. Many of these boats aiid 
^sses came into several havens or sounds, to fit and tiim tbem- 
iielves. One thing was observable, iliai vnt/tin eight or ten da^t 
f0er the dogger-baats leent to sea, they came into the sound again 
aofuU laden as they coiiM /ttcim. The c«tain number of dogger- 
boetsl could not learn, but the general report was about 400*.' 
Upon the narrative of Captain Smidi, I have cerCiiin remarks 
make. The d<^ger-boats are stated in very general terms to 
for ling and cod ; but which of those fish was the leading object rf ' 
dieir pursuit, our early narrator does not on this occasion uifbnu 
It is well known, that the mode of prosecuting the white 
fishery, inasmuch as it has for its leading object the taking of cod 
' ling, differs in certain essential points. The ling is souglit 
. for in deep water ; the cod, on the contrary, is taken in the 
greatest quantity upon banks or on shoals. For the taking of 
ig, long lines, baited with many hundred hooks, are allowed 
to remain in deep water all night. Hence the intent of employ- 
iDg open boats, that may not l>e driven to a distance from their 
2s. Cod, on the contrary, is caught by hand-lines, buted 
I *rith single hooks, which are dropt into the water from the 
■des and stem of decked vessels. 

It is possible to conceive, that the Dutch, in prosecuting 
Hng-fishery, by means of their doggers, had recourse to thi 
pedient of a drove smI, which, by restraining the motion of theii? 
I Tessels, prevented them from being driven far from the lines which 
tfiey had laid. But it may be remarked, that whenever tlie 
Dutch fleet of doggers ia described, with regard to its particu- 
lar object, it is distinctly stated to be intended_^?w the cod-JUh~ 
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year 177S, it appears that tliis gentleinaa was present whtaJ 
Btvssay Sound was filled with Dutch busses preparing to set out 
for tlie hcning-fishery. After describing, in a very particular 
manner, the arrangements and eeonoiny of this fleet, he adds, 
" Besides the herring-busses, the Dutch send out many doggers 
on the cod-fi&liing. These arc going and coming from early 
spring thfou^i the whole summer. £ach dogger has ten men 
and two boys, the half of whom sleep while ihc other are em- 
ployed in fishing." 

The evidence yet to be given respecting the cod-fidicry of 
ihetland, comprises the most recent circumstances relating to 
Bank, subsequently to the departure of the Dutcli from our 
res, and refern to visits which were made to the Bank by the 
Iritish : these were accidental. It appears from Mr Low, in 
his Fauna Orcadensis, that a bank lying to the north-west of 
the Burgh of Biraay in Orkney, was well known in these iUands; 
but, that it was a bank extending to the west of Foula,,j;ind 
even much farther north, was a circumstance to which the 
islanders seem to have been perfect strangers, " The cod-fiah," 
he remarks, " is found in swarms on the banks all round the 
coasts, but is very little sought after. Of old this was not the . 
case. Merchants from the south had their factors here, and 
many fisli were yearly made and transported from these isles. 
Now all is sunk in indolence and sloth." 

Additional evidence relating to an accidental visit to ihe bank 
has been ^ven me by Mr Duncan, the intelligent gentleman 
whose communications I have before acknowledged. " I recol- 
lect," he informs me, " that a vessel came into Bressav Sound 
several years ago, with her decks filled with cod, I was told by 
the master of the vessel, that they had been caught to the north- 
ward of the Orkneys, during two or three hf.urs of a calm. The 
master must therefore have been upon the bank when he fell in 
with the fish, ^nce it stretches round the northward of these 
islands." 

The next e%'idence I shall offer on the subject of the bank, 
with reference f irica! order, will appear in an extra t 1 

shall make froi i Tour through Orkney and Shet- , 

land, made by city during the summer of 1804- 

It was not hkel; al and remarkably successful ex— 
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periment, deteniiining the productiveness of the Orkney fishing- 
ground, would escape the notice of this gonllenian, whose ardour 
and superior information on all subjects connected with natural 
history is well known, and it is not without very great reason 
that he feels some impatience at the apathy with which we have 
long regarded our northerly sources of wealth. It may be pre- 
mised, that any observations wliich Mr Neill might make re- 
garding the fishery off the nortli of Orkney, would apply to 
tlie southerly commencement of the cod-liank of Shetland. 
" We weighed anchor," says that gentleman, " in the after- 
noon, and got under way with a gentle breeze. The sailors, 
bang provided with strong lines, we here lay to, and fished for 
cod and haddock. So abundant were the^e kinds offish in this 
place, that in an hoiu- our deck was strewed with about fifty 
fine firm cod-fish, besides some haddocks of a large size. This 
was not two miles distant from Papa Westray ; yet uv law no 
boat engaged in this rick Jisltery ! How supine is such con- 
duct," (p. 67.) 

I am now glad to find, tliat the too well-founded charge of 
supineness, is for the first time likely to be totally removed, by 
the exertions of the gentlemen of Shetland, which have been 
made this season, and which are in the progress of being ex- 
tended to an unprecedented degree- 
It is, I believe, about ten or twelve years, since a few vessels, 
from sis to thirty-five tons burthen, and carrying from six to 
eight hands, first prosecuted a desultory and uncertain fishing 
for cod off the coasts of Shetland. They seldom went farther 
to look for fish than the immediate neighbourhood of Foula 
and Fair Isle ; and their success in general was very limited. 
To some of the vessels thus employed the discovery of the bank 
js due. The first knowledge of its existence is contended for 
by three or niore parties ; but the great probability is, that it 
was simultaneous, since the same cause, which was the uncom- 
mon fine spring of 1818, caused almost every vessel to seek 
for fish, at a more than usual distance from the coasts of Shet- 
land, and finding a very abundant supply off the north of Ork- 
ney, in the ^-icinity of the place wbich attracted Mr Neill'a at- 
tention, they fell in with tlie track of the cod-bank. The prio- 
rity of the discoi'ery is, however, most in favoiu: of the vessels 
II. KO. 3. JAM'AJIY 1820. » 
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of John Rosa, Esq. of WeeadaJe, who are said to have fished 
upon the bank late in the autumn of 1817, and so aware were the 
crew of the advantage of the fishing-ground, that it became 
their cowstaut station during the whole of the ensuing summer 
of 1818. When I %isited Mr Ross on the conclusion of the 
fishing last year, so unexpected was tlie success which he expe- 
rienced on the bank, that his preparations to cure the great 
quantity of fish taken not being sufficiently extenave, they were 
suffering from the want of beaches upon which they might be 
dried. I beUeve also, that a vessel from Scalloway shared by 
six men, claims the merit of the discovery. 

Lastly, I am informed by Mr Duncan, from the autbiv 
rity of another party, " That the bank was not discovered, bo 
as to excite attention, until last year, that a small fishing-ves- 
sel belonging to Lerwick, which had been forced oiF her usual 
fishing^round by unfavourable weather, fell in with it by 
accident." I can certainly add, that a little before leaving Shet- 
land, early in the autumn of last year, the knowledge of the 
bank was far from being general ; and an excellent opportunity 
was afforded me in the island of Papa Stour, of witnessing, in 
the contrasted success of two vessels engaged in the cod-fish- 
ery, a decided proof of die importance of the discovery. 
The skipper of one of the vessels obstinately persisted in look- 
ing for fish in the places to whifh other vessels had been pre- 
viously accustomed to resort. The other skipper, who, having 
formerly belonged to the Royal Navy, was accustomed to ad- 
venture, boldly steered at a considerable distance from land to 
the fishing-bank, where he saw other vessels so profitably enga- 
ged. The consequent difltrence of success in each vessel was 
remarkable. Whilst sympathising in the disappointment which 
the proprietor of the two vessels experienced in the empty 
hatches of the first sloop which came into the harbour, the subse- 
quent entrance of the other vessel, rich with tlie product of the 
new bank, amply compensated for the failure of the less adven- 
tim>us crew. 

These are the ■ ances I have to offer relating to the 

history of the be with its complete discovpry. I 

have now to add, veness is established beyond a 

doubt by the ex seasons. One boat last year, 
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supply of lampreys, which they brought with lliem from thar 
own coasts, and afterwards upon the nets which were iotetided 
for the same purpose to take herring. " To hinder the too ra- 
pid motion of the vessel," says Mr Low, " which would prevent 
tlieir lines from taking the bottom, each has what they call a 
drove-sail, or one which hangs under water, and effectually stops 
her way. They can then pursue their business at leisure." 

With regard to the improvement of which the fishery is in- 
ternally susceptible, it has been suggested, that in case of a weak 
demand for dried fish, the preparation of what is called mvd 
fish may be expedient. This preparation agrees with the 
Dutch method when they fished off Shetland. Soon after a 
cod was caught, it was split and laid in salt. When thus 
brought into the market, a barrel of cod fish, in May 1778, 
fetched thirty to forty guilders, when one of herrings would 
not bring six. 

It is evident, with regard to dried cod, that the fish prepared 
in Shetland, will ever maintain its pre-eminence over the cod of 
other places. The Newfoundland fishermen are described as ex- 
posing their fish, after it has been salted, on standing flakes, made 
by a slight wattle, and supported by poles often 20 feet from the 
ground. But the humidity is not near so well extracted from 
the fisli as when, according to the Shetland method, they are 
carefully laid out upon dry beaches, the stones of which have 
been, during winter, exposed to the abrading action of the 
ocean, and are thus cleai"ed from vegetable and animal matter. 

I am informed that the fishing season for cod might be suc- 
cessfully prolonged. It regularly commences in May, and ends 
in August ; but Air Duncan remarks, that stout vessels might 
be employed the year round, as the cod is to be taken at all sea- 
It has l)een suggested to me, that a serious injury may arise 
to the cod-fisherj' of Shetland, if foreign nations are suffered to 
fish upon the bank, and thus be allowed to enter into a compe- 
tition with us in continental markets ; also, that the bank can 
never become an "-....[j importance in a national point 

of view, unless at nty be paid on the quantity of 

fish caught, whlls tre imposed in allusion to any 
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market to which it may be lent. The merita of these questioiw 
may be safely confided to the wisdom of the Legislature. 

I have now brought ray remarks on tJie new cod-bank to a 
conclu^on; and in selecting the atatemeots laid before the 
public, although I have endeavoured to exercise every due cau- 
tion, it will be evident that, in estimating the true value of the 
discovery, it ought to bear reference to a complete and scientific 
survey of the whole bank ". Still it is imfxissible, even with the 
imperfect information which we possess on the subject, to view, 
without great satisfaction, the advantages that it holds out in 
perspective. If it shall be found expedient to take a formal jms- 
EessioQ of this bank, which lines the northern barrier of our own 
country, we may calculate on a considerable and important ad- 
dition to our commercial intercourse with the continent. At the 
same time, in immediate reference to British subjects, we give 
employment to a numerous body of seamen, wliilst an opportu- 
nity is afforded them, by purchasing small shares of vessels man- 
ned by themselves, of investing, to the greatest advantage, the 
profits of their several labours in remoter climates -f-, 

Lastly, the improved state of our coasting navigation may 
justify the expectation, that from iLis northern source, an eco- 
nomical and nutritious food may eventually come within the 
leach of the populous districts of our manufacturing counties, 
the alleviation of whose distresses is at present so actively en- 
gaging the attention of the most enhghtened of our .country- 
men. In fact, under whatever view we contemplate the disco- 
very, it affords matter for die highest congratulation ; and at a 
period when our country labours under unusual difficulties, eve- 
ry new accession to British resources will be hailed willi double 
satisfaction. 

*,• Since drawing up the foregoing account, I have leamt, 
that the coast of Shetland has been visited by Mr Stevenson, civil 
en^eer; and it gives me particular satisfaction to think, that the 

■ The policy of an immediate ciaminalion of the exact situation, deptli aod ex. 
toit of the bank, undertalken by Government vessels, seems particularly obvious. 

■f It ia worthy of remark, that sei-eral of the vessels which have fished this 
gesson, have, fer Ihdr joint proprietors, sailfirs who have saved a little money In 
the navy or in the Greenland fishery. In Scalloway, a company of this desciving 
•tui of people rt'cre highly succcraful In the prosecution of their new abject. 
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opinion wliith I have expressed on the importance of the cod^— 
bank, should coincide with tlie sentiments of a gentleman much^B 

better qualiiied than myselT to form a true estimate of the to 

lue of the discovery. 



Aet. XXVII. — AccotmtofM. FresneVa DUcoveriea reapecti n^^ 
the Inflexioit of Light. 

A. HE ir^cxion or diffraction of light is a name g^ven to th^^ 
coloured fringes or bands of light wliich are seen witiiout th^^ 
^ladows of opaque substances, and to the dork and luminou^^ 
stripes which are formed within the shadows of minute bodies^, 
placed in a divergent beam of light attenuated by transmis^ois. 
through a small aperture. 

The successive labours of Grimaldi and Newton threw muclk 
light on this difticult branch of phyacal optics; but it made n 
fardier progress till the beginning of the present century, whqi 
our dislinguislicd countryman Dr Thomas Young gave a frei 
impulse to the inquiry, and enriched the science with his L 
tiful law of interference. 

The application of this law to various inexplicable phenomi 
na of colours, did not fail to attract the notice of difierent f 
losophers ; and such were the expectations of its I 
some satisfactory explanation of the phenomena of inflextoi 
that it was particularly recommended by the French Institula 
to the notice of the candidates for tlie prize which this distiikl 
guished body offered in 1818 for the best Theory of Difiractiiml 
This prize was some time ago adjudged to M. A. Fresnel, e 
gineer of roads and bridges, a philosopher of the highest pivr-fl 
misc, who had already signahsed himself by his researches aa\ 
the polarisation of hght. 

His disooveries respecting inflexion are in the highest degree, I 
important, and cannot fail to be regarded as affording a strong; I 
coniirmation of the Huygenian tlieory of light. We have r 
doubt, therefore, that our readers wiU be gratified witli the idU J 
lowing summary of tlie principal results that are capable of b9< I 
ing stated in a popular manner. 
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\. M. Freanel found that the fringes Ibrmei] by iiiflixioii 
may be examined by an eye-glass, without receiving them upon 
a. white surface ; and by adapting a inicrometer to the eye-glass, 
he was able to determine their breadths, even to the one or 
two-hundredth part of a millimetre. 

2. By following the external fringes to their ori^n, by mcuis 
of a lens with a short focus, he percL'ived the third fringe at the 
distance of less than the one-hundredth of a millimetre ircan 
the edge of the inflecting body. 

3. The inflexion of the paswng light is influenced by the dis- 
tance of the radiating or luminous point from the inflecting 
body, as appears from the following results. 

DieUnce of t}ie ndiating Distance behind Ihe Angular deviBtion 

poiot ftom the body. body n>here the or infleuun of 

Infleiion woa mea- the red reja o( 

nired. [he lint ftinge. 

100 millimetres. 1 metre. 12' 6* 

6 metres. 1 metre. 3 55 

Hence it follows, that the ray suffers a less degree of in. 
flexion in proportion to the distance from which it diverges. 

4. When the inflexion of the same fringe is measured at dif- 
ferent distances behind the inflecting body, the distance of the 
radiant point remaining the same, it is found to be diflcrent at 
different distances ; and hence it follows, that the successive po- 
sUiotis of the sarne fringe are not in a strcagki line, but form a 
curve, whose concavity is turned towards the inflecting bod^ 
The lines which join the different positions of the fringe of all 
the orders of colours, are hyperlwlas, having for their common 
foci the radiating point and the edge of the inflecting body. 
In some of M. Fresnel's experiments, the aagitta of curvature 
was about 1 millimetre, or the 25th part of an inch, which ii 
nearly 50 times greater than the error of observation, 

5. M. Fresnel measured the fringes produced by various bo- 
dies, and found, by accurate measurement, that they all pro- 
duced the same inflexion, the back of a razor giving the same 
fiinges as its sharp edge. 

Results of a similar kind were obtained by Dr Brewster in two 
seta of experiments, one of which was made in 1798, and the 
other in 181S and 1813, He compared the fringes formed by 
gold-leaf, with those made by masses of gold ; those formed by 
films which produced tlie colours of thin plates, with thi^e 
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formed by masses of the eame substance. He examined the' ef- 
fects of platinum, diamond, and cork, m inflecting the light; the 
effects of grooves in metallic suriaces, Sec. ; and of cylinders of 
glass immersed in fluids of the same refractive power: sod 
from these he concluded, that the Newtonian theory of inflexion 
couJd not be true; that the inflexion was not produced by any 
force inherent in the bodies themselves, but arose from a pro- 
perty of the light itself, which always shewed itself wlien di- 
vergent light was stopped in its progress *!■. 

6. The fringes in the interior of the shadow, were first exr 
pltuned by Dr Thomas Young. He shewed in the clearest man> 
ner, that they were formed by the interference of two portions 
€)f light coming from the opposite sides of the inflecting body. 
Having introduced the sim's light into a dark room, ibroi^h 
two small holes very near each other, he received the admitted 
light upon a sheet of paper fram each of the holes separately, 
and observed no particular effect. But when the light was ad- 
mitted through both the holes at the same time, so as to inter- 
fere, a scries of obscure and brilliant fringes was produced. 

M. Fresnel obtained a similar effect, by reflecting light from 
two metallic mirrors slightly inclined to each other, and whose 
surfaces were nearly in the same plane. The formation of 
these bands depends on the lengtlis of the paths of two inter- 
fering portions of light. When the paths are exactly of the 
same length, the two portions of light will form a brilliant fringe, 
liaving an intensity greater than that of either portion. If the 
next brilliant fringe corresponds to a difference of paths equal 
to d, then other brilliant fringes will be formed when tlie dif- 
ferences of the paths arc 2d, 3d, 4d, &c. When the diffe- 
rences of the paths are i d ; d+^d; ^d + I d, or ^ d, ^ d, ^ d, 
the interfering portions neutralize or destroy one another, and 
consequently produce a black fringe. The quantity d has a 
different value ibr die rays of different colours, and varies as 
the length of the fits in Newton's theory. M. Fresnel has 

found d to be ■. - .^v. a^ >. of a millimetre for red light. 
lUu,Ov)u 

This beautiful U •" Dr Young is embraced by M. Fre^ 

nel. Both these j 'd ascribed the exterior fringe^ 
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to the interference of the direct rays with rays reflected from the 
jnar^n of the inflecting body. M. Fresne], however, has since 
ibund, that this explanation is insufficient ; for the real place of 
the fringe is sometimes I'oBth of a reiiUimetre dyferent from what 
it should be upon this supposition ; and, at any rate, if the hy- 
jwthesis were true, tlie extent and curvature of tlie margin of tlie 
inflecting body would have an influence upon the intensity of 
■*he fringes, which is contrary to experiment. He is, therefore, 
obliged to admit, that the rays which pass at a sensible distance 
zOom the inflecting body, are made to deviate from their primi- 
Tive direction, and concur also in the production of the coloured 
fringes. 

It is by no means easy to explain to general readers the hy^ 
pothers by whicli AI. Frosnol has accounted for the fringes up- 
on the principle of interference ; but we shall attempt to make 
it as intelligible as possible. 

Let AME, Plate IV. Fig. 5. be a luminous wave or undula- 
tion, propagated from the radiant point C, and partly intercep- 
ted by the inflecting body AC Then, if we suppose it divided 
into an infinity of small arcs Am, wt'm, wiM, Mh, n n', n'n" &c., 
M. Fresnel obtains the intensity of any point (P) of the wave 
AME, when it has reached the position BPD, by suppo^ng 
elementary waves to be propagated from every point m, m', M, n, 
n', &c. of its preceding position at AME. These elementary 
waves are propagated in all du^ctions, and with intensities sen- 
sibly equal when they do not dc\-iate much from the perpendi- 
cular. M. Fresnel does not take into account the wn,ves which 
are much inclined, and which, according to his hypothesis, de- 
stroy one another ; and in this way he determines tlie intenaty 
of the light resulting from the reciprocal influence of all the rays 
■which are sHghlly inclined to the perpendicular. By tiius com- 
bining the principle of Hujgens with Dr Young's law of inter- 
ference, he has obtained a formula which represents the obser- 
vations with surprising accuracy. 

7. The phenomena of inflexion are considered by M, Fresnel 
to be inexplicable on the Newtonian theory of the emission of lu- 
minous particles ; while almost aU of them may be directly de- 
duced from the Huygenian Theory of Undulations *. 

" Su«h of our readers a* are do»irouB of farther informalion respecting M. Fresne!'* 
ilbfuverira, ore fe&rred to Ihe iliin, rfc Ckim. tt ic Fiyt. torn. li. |i. !M & 337, 
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Abt. XX\'Ul.—S(rme aUitiimalfacti relating- to Oie habttwl^^ 
of the Hyposulphiroiis Acid, and its union with MelcU^^^^ 
Ojrid£»: By J. F. W. Heeschel, Esq, F. R. S. Corir^*— 
miinicated by the Author. 

An order to procure the hypoau!}>hile of alver in a state c^^^* 
purity, it is not enough to precipitate a tolutiou of diver by I 'M 

neutral hyposulphite. This, as I have shewn in a former com^^^H 

munication, gives a mixture of the salt witli sulphuret of silvei 

Nitrate of silver, somewhat diluted, must be poured into a prett^^^^ 
strong solution of hyposulphite of soda. A copious precipital^^^^ 
falls, white at first, but, as the precipitation proceeds, becomin g 
gradually dirty, and at length quite brown, especially if '"■ 
much of the nitrate he added. This precipitate, separated b^^*"" 
the filter and waslied, must be treated with ammonia, which dis 
solves the metallic salt, but leaves the suiphurct behind which^K 
contaminated it The ammonia being 'exactly neutralised b^" 
weak nitric acid, the salt precipitates in a snow-white powder^ 
which must be separated and dried as quickly as possible b^ 
violent expression, between folds of blotting paper. This sale 
is little soluble in water, has a sweet taste, and undergoes apcm— 
taneous decomposition very rapidly when kept exhaling sulphu- 
rous acid, and passing into a sulphuret, or, more probably, 
from the analogy of the hyposulphite of lead, into a sulphuretted 
oxide -f-. 

The habitudes of diis acid with the oxide of mercury are not 
less ^gular than its relations to that of silver. The red oxide 
cf mercury is readily dissolved by a solution of hyposulphite of 
soda, while the alkali is set at liberty in a caustic state. The 
solution has a sweet but, at the same time, a mercurial taste, 
and speedily becomes turbid on standing, or on evaporation, 
even under an exiiausted receiver, depositing cinnabar in abun- 
dance. The hyposulphite of mercury, then, like that c£ ^ver, 
though formed in opposition to the strongest affinities, is readily 
destroyed by the tendency of its metal to entor into a more inti- 
mate union with sulphur. 
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Syposidphite vf' Mercury and Potash. — On a quantity of 
orange carbonate of mercury, I poured a solution of hyposul- 
phite of liine : It blackened, and a conadcrabie portion dissolv- 
ed. Into this I poured an excess of carbonate of ammonia, which 
separated the very small quantity of lime still remaining in solu- 
tion, but left the oxide of mercury. Being cleared by filtration, 
carbonate ol' potash was poured in, vhcn a white crystnllised salt 
separated in abundance. The liquor, when moderately heated, 
grew turbid, and deposited a quantity of vermihon of the richest 
colour, after which it underwent no farther decomposition, even 
by continued ebullition, and on filtering and cooling, deposited 
abundant crystals of the same ealt. This is a double hyposul- 
phite, analogous to that with silver for its base. It is much 
more soluble in hot water than cold, and crystallises, in cooling, 
in spicular tufts. By careful management, however, it may also 
be obtained in oblong rectangular tables, bevelled at all the edges, 
or, which comes to the same thing, flattened six-sided prisms, ter- 
minated by two planes set on the longer edges. These are co- 
lourless and transparent, and their optical properties, on exposure 
to polarised light, present anomaliesof a very extraordinary nature, 
which may be described more properly on some other occasion. 

The action of oiude of lead on a liquid hyposulphite, is ana- 
logous trt that of the oxides of silver and of mercury, but less 
strongly marked. When hyposulphite of soda was ground with 
litharge, no sensible effect was produced ; but on allowing the 
mixture to stand twenty-four hours, the litharge became caked 
together, and its surface to some depth was found converted in- 
to a white mass. The supernatant liquid had now acquired a 
very sensible causticity, and immediately turned vegetable blues 
green, &c. The decomposition, however, proceeded no farther, 
and was never complete. The brown and red oxides of lead 
produce no such effect, nor have any other of the metallic 
o^des or hydrates which I have tried any considerable action. 

I cannot forbear noticing here, though not relevant to the 
present subject, a phenomenon which occurred to me in tlie 
preparation of mercurial salts for some of the foregoing 
experiments. I had procured a quantity of the crystallized 
prolo-nitrate, which forms when dilute nitric acid is allow- 
ed to remain in a moderately warm temperature on excess of 



i 



-■* *■' rt 



156 Mr Herschel (m the Ht/posulphuroui Acid. 

metallic mercury. The action of water resolves this, as is wdl 
known, on a super and sub salt The crystals being ground id 
a glass-mortar with repeated effusions of distiQed water, the 
powder preserved its brilliant whiteness till the third or fourth 
affusion, when suddenly, while grinding and mixing it wit& 
fresh water, it passed to a sombre greenish-yellow hue, almost 
in an instant. I continued to grind it, and the colour height- 
ened ; but, to my great surprise, having desisted a few moments, 
my attention bring taken off, I found, on resuming the grind- 
ing, that the yellow-green colour had again disappeared, and 
the powder had passed to a light ash-grey, almost white, and 
seemed to have become rather more bulky and crystalline. In 
its chemical properties it had undergone no change, dissolving 
readily, as I had expected, in dilute nitric acid, and afibrding a 
flolution similar in all respects to that obtained by w^ter in the 
course of the washing and grinding. 

As the quantity operated on was rather considerable (perhaps 
S oz.), and the change of colour simultaneous over the whole 
mass, there is little doubt of a sudden subverdon of equilibrium 
and a new arrangement of the molecules accompanjdng this phe- 
ncxnenon, though why it should take place at this predse epoch, 
seems difficult to explain, the abstraction of the acid having 
Ibeen going on gradually from the beginning. ' 

Slough, 1 
Nov. 1819. J 



Art. XXIX. — Nqtice of a MineraJogiccU Journey through 
Souths North and East Iceland *, by Mr Joi{N Menge of 
Hanau -f. In a Letter addressed to Professor Jameson. 

At the foot of the Eyafialla-Jokulls, I satisfied myself that 
the Westmanna Islands, which are eighteen English miles from 

' * We r^fret that want of time forces us to delay the map illustzative of Mr 
Menge*s route, imtil our next Number. — £0. 

-f Mr Menge embarked at Copenhagen for Iceland on 19th May 1819, and 
Teached the Westmanna Islands, off Iceland, on 9th June. After a short stay 
there, he landed on Iceland, and proceeded to Reikiavig, examining the coontry as 
he went along. From Reikiavig, he crqsscd the who)e inland to Skagafiord, a jotv- 
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Itedand, were formerly continuous with it * ; and was informed 
"that the volcano of Heima^Ey, in one of the Westmanna Islands, 
^as f<»rmed probably by a subterranean communicating canal, 
^ring an eruption of Eyafialla-Jokull. 

On the latter, as well as in the former, I observed three diffe- 
rent streams of lava, separated from each other by layers of trass, 
which appear to have been formed afler the eruption of the la^ 
va, by ^ected masses and volcanic ashes. In the lowest bed, 
which is a porphyritic lava, I observed imbedded fragments of 
granite, gneiss, and syenite. The examination of these fused 
porphyritic rocks, made me fancy myself transported to the 
Lake of Laach, on the banks of the Rhine ; but as I expected 
to find all the productions of Vesuvius and the Lake of Laach 
on the mainland of Iceland, I did not delay to search for them 
in this quarter "{*< Although the trap-rocks (thonige mcLssen^ 

nejr of great difficulty and of tnach danger. He examined the north coast of Ice- 
land firom Skagafiord to Myvatn, and from Myvatn he proceeded eastward to Vopna- 
fiord, and then south-east to Eskefiord, Berafiord, and Htammersfiord. He took his 
departure from Eskefiord on the 4th October, in a vessel bound for Copenhageni 
bat which put into Leith, in order to discharge part of the cargo, when we had the 
pleasure of making his acquaintance. During our conversations with him, we found 
that he had seen and examined more of the mineralogical structure of Iceland than 
any of those travellers who had preceded him. We expressed a wish to have a 
short account of his journey, and Mr Menge transmitted to us in German the com* 
munication of which we now present a translation to our readers.-.- Eik 

* According to Menge, there is a ridge of rocks, extending under the sea from 
the Westmanna Islands to the mainland of Iceland, — a fact illustrative of the opi- 
nion in regard to their former connection stated above. — Ed. 

'f We insert tlie following notice respecting the Lake of Laadi, in order that 
cmr readers may understand the allusion to it in the text. Trap, or volcanic tufih, 
abounds around the lake, and incloses balls oi porphyry'lava andfeUpar^lavtu The 
first, or porphyiy-lava, contains abundance of glas^ felspar, mica, olivine, augite, 
and fragments of burnt grey-wacke, which pass into a kind of pumice : the second, 
or fiel^ar-lava, is a mixture of fSdspar and hornblende, and contains titanite, octa- 
hedral magnetic iron*oie, haiiyne, iolite, sodalite, nepheline, &c. Around the lake, 
atxcams of baaaUtC'luoiL, are to be seen. At Niedermennich, there is a quany of this 
lava, which is used for miU-stones. A few miles from the lake, there is a whole 
hill of tuilk, containing numerous beds of leuciU'parpkyry, in which there occur 
hnhedded mica, sphene, and glassy felspar. Underneath these volcanic rocks, lie por- 
pliyry-slate, and various other trap-rocks ; and these again rest on grey-wacke, that 
voA on which all the trap-rocks along the Rhine rest. The Lake of Laach itself 
mppttn to be the crater of an extinct volcano.-* Ed. 
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giinrge) in Iceland, as in most other countries, rest on granite, 
and its congenerous rocks, yet here they are less frequently se- 
parated from them by the clay-alafe formation than on the 
Rhine, and in the Rhone, and VogelsgeUrge ; yet the limestone 
connected with this slate formation occurs in the Westmanna 
Islands, viz. on the north side of He^Tiia-Ey and Bamer-Ey. 
The limestone is compact and bituminous, with a strong argilla- 
ceous smell. AH the lavas on Heyma-Ey and on Eyafialla^o- 
kuU are melted trap-porphyry, full of crystals of glassy felspar. 
I remarked, in regard to the latter mineral, viit. the glassy fel- 
spar, that it became less and less fi^quent in the lava as we ad- 
vanced westward, — a circumstance which led me to the conclu- 
sion, that the principal formation of the whole island (which I 
consider to be trap-porphyry) extends from S.E, to N.W., frwn 
which there may branch out in all directions the different mem- 
bers of the trap series. 

In order to ascertain the accuracy of this inference, it was 
necessary to execute a journey across Iceland from south to 
north, and which I accomplished from Geyser to Skagafiord. 
Unfortunately I obtained in this route but little satisfactory in- 
formation, owing to the great deAfastation occasioned by 6re and 
water in this line of journey. The bounding points of trap-por- 
phyry must be Klofa-YokuU on the south-east, and Dranga- 
Yokull on the west *. 

In the Rangaarvalle Syssel, which I passed through on my 
way to Reikiavig, I could not make any observations, because 
the whole plain along the base of Hekia, proved to be an alter- 
nation of marsh, sand, and rapid streams, On the river "niior- 
saa, I observed below a bed of volcanic sand, a species of tuff, 
with an obsidian basis. In the Guldbringe Syssel, which re- 
sembles a congealed Pandemonium, every rock has been melted. 
Although all the lava here is melted basalt, yet, it is worthy of 
remark, that the lava varies very much in its aspect, and may 
be described as forming three different kinds of terrain. The 
first terrain is cracked in all directions, and the slaggy masses 

* Wc recommend i <lt the map of Iceland in Hendersoo*! 

aniiiting and intereatin Juumal of a Hesidence in iedand," 

and also ihe nup af il jid, in the well known work of Sli 
tJearge Mackenme, Bart 
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appear confusedly aggregated together. In transverse sections, 
the lava presents five, six, or seven sided columnar concretions ". 
The laass or rock is compact, and diiTers but tittle from basalt 
This kind of lava, which may be named basalt-lava, has often 
flowed to a con^derable extent, soDietinies with a smooth surface, 
sometimes with a surface resemljling that of water when a 
gentle breeze begins to blow over it. Further, it is cavernous, the 
hollows or caverns appearing to have been formed by internal 
heat during the cooling of the surface of the lava. The se- 
cond terrain is generally either in waves, or the rock appears 
heaped tt^ther in masses, having a rough, denticulated, 
and knotted surface, which we cannot behold without horror, 
and over which it is impossible to travel more than four or five 
miles. The third terrain is formed of spumous lava, which is 
sometimes rolled into long and large cylindrical masses. Its co- 
lour is grey and red, and although much ironshot, is light. In 
this lava, we observe numerous small rose-like forms, witli small 
craters in the middle, through which the flame had issued. 

From Ililleraa to Reikiavig, onwards to Vidoe, Essian and 
Mossfell, all appears to be unmelted ; yet the rocks are not without 
marks of the action of heat. Even in tlie neighbourhood of Hav- 
nefiord, I observed a felspar lava, (greenstone), with druses con~ 
taining ice-spar and augite crystals. I afterwards found thisrock 
frequently alternating with trap rocks, — a circumstance which 
proved, in my opinion, that this lava had not flowed in the fonn 
uf a stream, but had been changed on the spot by the action of 
fire. The mass of the rock was more compact all around Rei- 
kiavig, and appeared as ba^t at Vidoe. The amygdaloid for- 
mation, with alterimle beds of wacke, basalt, trap-porpliyry, 
greenstone, &c. first appears at Essian. This formation is often 
traversed by veins, which are principally of compact basalt, ob- 
sidian, greenstone, and which sometijiies contain a quartz wluch 
includes iron-pytites. The beds fi-equently contain jasper, opal, 
zeolite, and calcedony. At Mossfell, there are beds and veins 
of an obsidian-breccia, which passes into hasalt-tuffa. 

* The fact of Unun-tava occurring in columns like basalt, has been denied bj 
many nnluraJisUj bul the observations of Menge .ippoar decisive an to thia point — 
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In my journey from south to north, I found a perpetual sl- 
temation of true volciinic and pseudo-volcanic rocks. The lat- 
ter arc printipally formed by Water, or Aqueous Volcanoes. 
At the Huemafell, near to the Geyser, where there is also iava 
which has flowed, I found principally trap-porphyry. In a 
heap of dehria brought down by the Mergwasscr, I observed a 
number of masses which appeared like sandstone ; but I was 
inclined to deny the esistence of sandstone here, as I had not 
met with any quartz rocks which could afford materials for this 
sandstone. I found this rock afterwards in Nordland, and ascer- 
tained it to be an ii-onsbot trap-tuff*. The Blal'ell, beyond 
the Geyser, is of pseudo-volcanic formation. We found here, 
besides half-burnt basalt, also a quantity of porcelain-jasper, 
which originated from the ironshot trap-tuff. The trap-por- 
phyry is here again the predominating rock. On the Blafell, 
as well as on the Bald and Hofl'sjokulls, the Neptunian destruc- 
tion is as dreadful as the volcanic lava of Kiolfell, which hes 
between the two latter. This destruction appears to have been 
Occasioned by the glacier ice during the eruption of the Kiolfells 
and Baidjokulls. The whole country is so covered with rutns 
of rocks that it is with the greatest difficulty we can make our 
way through it. After passing these debris, we enter tlie valley 
of Suarta, and immediately into the lava-flood of the Eiolrhaun. 
Although every thing around us appeared solid and secure, we 
were often about to sink into rents of the lava filled with mud, 
which had been poured into them by snow and glacier-water. 
The lava of Kiolfelt has the same kuid of surface as that of the 
Guldbringe Syssel ; but it is more of die nature of melted basalt 
than of melted trap-porphyry. On the edge of the Kiolen- 
rhauns, is situated the district of hot-spiings named Huera-vellir. 
We now travel througli an extensive district of volcanic sand, in 
which I frequently found small pebbles of obsidian, and of com- 
pact basalt-lava, to the valley of Btanda, through which the road 
leads to tlie rocky shore of Malefell. The structure of the trap 
formation of MaJefeU, on bodi sides of the romantic Firlli of 
Skaga, is very str \i\ the members of the trap series are 

arranged above 'aorizontal beds. Some may be 
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inclined to view ihese beds as strearns of lava, formed at diffe- 
rent periods. With the exceplion of Malefell, and the Tinda- 
stoll, which are to be conadered as tiie extremities of a moun-- 
tain-range, and which exceed all tlie mountains of the range in 
haght, all the other mountains appear of the same elevation, 
and have a tabular form *. The beds of which these hills arc 
composed, are the following : — a. Cahedonif-wacke. h. Amyg- 
daloid, c. Amygdaloidal Porphyry. d. Trap-porphyry, e. 
Greenstone, f. Basalt, g. StiMte-ivacke. h. Amygdaloid, with 
Chabasite ; and generally we have again the same succession, be- 
ginning with calcedony-wacke -f. On the Tindastoll, particu- 
larly on the east side, I almost fancied myself in the vicinity of 
Scheninitz in Hungary, I found here the whole formation of 
that neighbourhood, I observed very characteristic varieties of 
clay-porphyry, which often jmss into horn stone-porphyry ; also 
pitch stone-porphyry, pearl stone-porphyry, and obsidian-porphy- 
ry. I was particularly struck with the rock-crystals, which we 
observed lining the cavities oi' the calcedony-wacke, and which, in 
haod-Bpecimens, could not be distinguished from those found in 
the mine of St Stephan in Hungary, The base of TIndastoU, as 
well as that of the whole mountain-range on the Firth of Skaga, 
is clinkstone-porphyry, to which also the porphyries just enume- 
rated belong. AH die mountain-ranges of Iceland which bound 
lon^tudinal valleys, arc disposed conformably with the dip of 
the strata of the clink stone- porphyry ; and I was surprised to 
find, that while the unaltered rocks extend from S,E, to N.W. 
the volcanic occupy a ridge extending across these from S.W. to 
N.E, |. I ascended tJie Tinclasfoil from its east to its west ade, 
partly with the view of examining the rocks in which the obsi- 
dian, which occurs loose at its foot, is contained, and partly 
to explore the wacke, in which I expected to find the pre- 
cious opal ; but the frightful and inaccessible nature of the 

■ There is a view of the tabular trap-hilla at the Sksgafiaril in the Sd volume 
of Hendersmi'e Journal. They very much resemble the trap hiUa in Sky, Mull, 
and other partB of Scotland. — Ed. 

■f Menge names the beds from the predorainnting Inclosed mineral : thus, in the 
caleedony-wacltB, it ia coleedony which is the principal included mineml, — Ed, 

J It would appear from the observolions in the lett, that the volcanic rocks form 
a great ridge acrois the Neptunian trap-rocks — En, 
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rocks prevented all research. On the west side of the sumnui 
of Tindastoll, I found obsidian in roundish pieces, and 
every possible \ariety. I was striick. with the perfect reeemu 
blance of tliese to the varieties found in Mexico. I had 
good fortune to find a great number of specimens of the JcAJt! 
lerende, indigo-blue, green and striped kinds. The rocks in the 
vicinity of the obsdian appeared to be somewhat slaggy, axA 
resembled those of the psoudo- volcanic class. The amygdaloid^ 
beds were intersected by an opening seveial hundred pacaB 
wide, which I conceived might have formerly been filled with ■ 
if obsidian, thus affording a miniature representation of the 
■great volcanic track which extends across the island, interjecting 
le trap-rocks. This appearance would enable me to explui 
le origin of obadian from siliceous-sinter; the more particuJi 
'%y, as I had observed at ihe &ey«er, and on the Huarevellir, the 
inJiceous-sinter inclining to obsidian. 

On the way from Tindastoll to Skagastrand, I discovered m 
Haller Valley a vein of obsidian. The obsdiaii appeared tu 
pass into that coal which we often find in beds of flinty-slate. 

The principal formation aroimd Skagastrsind is gi'eenston^ 
which, like basalt, forms large groupes of columns. Nearly th», 
whole of Spakoncfcll is composed ol' this greenstone, which veW 
much resembles that of the Meisscner in HesMa, differing froB 
it only in containing augite in place of hornblende. At Sps*. 
konefell, I observed several beds of amygdaloid lesting 
the greenstone, in which the cavities were lined with the most 
beautiful crystallizations of analcime, cbabastte, and nieso- 
type. On my departure from Skagastrand, at tlie entrance 
of the Valley of Laxa, I rode over a vein of pitchslone, 
'several hundred feet wide. In this mountain -chain, I cros.s- 
ed a valley named Vide, which appeared one of the most in- 
teresting geognostical spots in Iceland, but stormy weather, 
and want of time, prevented nie from examining it. The most 
beautiful trap-porphyry, with magnificent crystals of glas. 
sy felspar ; splendent calcedonies, pumice-porphyiy, and mos- 
ses of quartz-slaii'- with crystals of iron-pyrites ; and the ta- 
riouB colours i ' walls, all intimated very interest- 

ing phenomen 'ct. From this to Liosavatn, \ 

bbaerved ilteti lyry and amygdaloid. On t\» 
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east side of Liosavatn, the streatn-lava be^ns. We ascended 
frora Skalxandafliot to the heath of Pilots, and passed through 
a long desert track of volcanic-sand to Myvaln, where a fright- 
ful scene of volcanic destruction was ornamented by beautiful 
groupes of volcanoes. On the east, the majestic Herdabried*; 
on the south-east from Myvatn, the Blafell, Burfell, Skoganaa- 
nafell ; on the north-west, Krabla, Hleirnuker, EylifurfeU, Gies- 
dallsfell, Gusedaliafell, which surround the smoking white sul- 
phur mountain of Namafell ; on the south, the Seltlandafell ; 
and on the north-west, the peaked Uindbelgias, with the nunie~ 
reus insular-looking eminences in the Myvatner lake, form a 
circle of volcanic mountains exhibiting every variety of form. 
The lava streams of Heirhnuker, and the great black crust of vol- 
canic sand of Voguni, present a frightful appearance. We travell- 
ed over this di'eadful volcanic desert, until we reached Vopnafiord 
in Easter Iceland. The lavas, as far as Liosavatn, were entirely 
basilic; those of Hleirhuker somewhat porphyritic; while those 
of Herdubreid were the same as those of Eyafialla- Jokull. Ba^ 
Bait, amygdaloid and trap-porphyry, extend from Hoff in Vop- 
nafiord across the heath of Smorvatn. The Valley of Fliot is 
an extensive disliict of columnar basalt and porphyry, through 
which the rivers Jiikullsau and Logerfliol have cut their channels. 
Wacke and amygdaloid are again the predominating rocks, from 
the Valley of Zungen across the heath of Esklfiard to Eskifiord. 
The whole mountain-chain on the north side of Rhiidefiord, which 
is composed of bedsof amygdaloid, caltedony -wacke, trap-porphy- 
ry, and stil bite- wacke, terminates at the Grakall, in the form of 
an ii'onsliot caleedony- wacke, which rests on clinkstone-porphyry. 
The bed of stil bite- w^acke often contains large cavities, which are 
filled with that beautiful variety of calcareous-spar named Iceland- 
crystal, or double refracting &par. The caleedony- wacke ijs either 
ironshot, when it contains jasper, atalactitic caleedony, and crys- 
tals of quartz; or it is without iron, and then we find, in place 
of the jasper, opal and caleedony. The beds of clinkstone-por- 
phyry alternate with obsidian, pitchstone and pearlstone porphy- 
ries; and this formation appears to form the basis on which all 
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the rocks of Iceland rest. The amygdaloid formation rises 
more from Eskifiord to Berufiord; atid,like the formation which 
ends in wackc at Eskiiiord, it also enda in amygdaloid at Diu- 
pavog in Berufiord. In the Breiddal, I saw different varieties 
of iron-basalt, whicli contained, in place of zeolite, frequently 
arragonitc. I found the first traces of cross-stone in cavities of 
amygdaloid, in the heath of Gaga, associated with chabasite. 
Whilst collecting specimens of the different kinds of zeolite lai 
the soiith side of Uenifiord, I foimd the following hods of amyg- 
daloid, with bii3es of wacke : 

1. Compact wacke. 

2. Wacke-amygdaloid, in which the cavities ■cont^n quartz. 
8. Wacke-amygdaloid, witli quartz, slilbite, and apophyllite. 
4. Wacke-amygdaloid, with stilbite and green-earth. 
6. Wacke-amygdaloid, with stilbite, much green-earth, and 

itous- zeolite or hair-zeohte. 

6. Wacke-amygdaloid, with stilbite and mesotype. 

7. Wacke-amygdaloid, with mesotype. 

8. Wacke-aniygdaloid, with mesotype, sdlbite, and hair-zeo- 

9. Calcedony- wacke at the foot of the Bulandslind. 

From Berufiord I ^^sited Hammersfiord, the most south-eas- 
■ iitem part of Iceland I had an opportunity of examining. Here 
I saw a great bed of clinkstone-porphyry in the amygdaloid 
formation. This bed is exposed at Rode-Skiuda, on the north 
fflde of Hammersfiord ; and here I had the good fortune to find 
a series of rocks of the same nature of those which I was forced to 
pass without examination in the valley of Vide. Below a great 
bed of clinkstone-porphyry, I found a hcd about six feet thick of 
pitch stone-porphyry, which passed on the one side into ob^dian, 
on the other into pearlstone-porphyry. The bed dipped to thff 
N.W. under an angle of 40°, and was traversed by small v^neof 
compact basalt. The pitcbstone is often amygdaluidal, and con~ 
tains sphEeruJite *, balls of calcedony, jasper, raagnetical pyriteS) 
seldomer zeolite, and calcareous-spar, and only in the places where 
it touches amygdaloid. There is a small bed of white slaty clay 
between tlie pi late and the pitclistooe. This bed d 
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pitch stone-porphyry afforded me an explanation of the appear- 
ances in the ohsidian hill near Krablfi, where a siiiiUar bed ap- 
pears to have been completely melted. Masses of porphyry-slate 
were still very di&cevnible in the Krabla obsidian ; and the sph^- 
rulile in the pilchstone, which the fire had converted into ob- 
sdiaB, appeared to be the same mineral as that found in Mexi- 
co, and described under the name Equlnolitc, and for which I 
would propose, as a more appropriate name, tliaf of Folcanic 
Sphcerulite. 

In the island of Heyma Ey, there is only one place where 
fresh-water occurs, and it is in a track where volcanic rocks are 
wanting. On the Eyafialla-Yokull there are portions of trap-por- 
phyry slill unmelted, and these afford fresh-water ; but those parts 
which are in the state of lava afford none. The rivers Markerfliot, 
Thiorsaa, and Olvesaaa, which flow through lava, arise from tlie 
glaciers. All those parts of thcGuldbringeSyssel which are cover- 
ed with lava, afford no fresh-water. At Cape Beikaness, there is 
B district of volcanic water situated in lava. In this district, also, 
there is a boiling marsh, of about 300 paces in circumference, 
which appears as if surrounded with fresh-burnt lava. The 
smoking parts which I dug up, were composed of a muddy hot 
mass, more or less mixed with sulphur, and of various colours, 
as blue, red, &c. I extracted several hard portions from the 
hot muddy mixture : these I broke when cold, and found, that 
in the centre they had the characters of basaltic lava, but to- 
wards the surface gradually passed! into indurated red or grey 
mud. On an eminence in the neighbourhood, I observed whole 
deposites of siliceous sinter. 

In the same manner a.-i the liot-springs of Reikaness produce 
lava, we saw tltose of Krysuvick form basalt, and those of tJte 
Geyser trap-porphyry. 

At Krysuvick in the south, and at Namafell in the north of 
Iceland, are great chemical hiboratorics. In both places, we al- 
most see Nature in the act of forming sulphur, alum, ^lica, 
lime, oxide of iron, iron-pyrites, gypsum, basalt, lava, and por- 
phyry. 

In Iceland, we find volcanic and neptunian formations con- 
joined ; tlie connecting link between the two, being the Volcanic 
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Neptunian formation, which appears to be produced by hoU 
springs. In the whole volcanic region from the Guldbringe 
Syssel to IMyvatn the formation of the hot-springs is abundant. 
We often observe members of the ncptunian traps alternate with 
those of the volcanic-neptunian series, and also beds of true 
lava alternating with volcanic-neptunian trap. Tlie first occnrs 
at Esaian, Mossfell, Blaufell, Ericks and Dald-Yokull, Tlnda- 
stoll, &c. ; the latter at Eyafialla-Jokull, Kiolfell, Hoffsjokull, 
and in nearly all the bills of Myvatn. In the whole southern 
track examined by Sir George Mackenzie, there is no pure 
neptunian trap, with the exception of some members of tbe se- 
ries at BorgarHord, which alternate with volcanic-neptunian 
rocks. 

The lakes of Thingvaila^vatr, Huitaarvatn, Fiskevatn, Liso- 
vatn, Myvatn, Sic. were formerly districts abounding in hot- 
springs, which have fallen in, and formed the hollows now occu- 
pied by the water of the lakes. Beside the well-known hot-spring 
districts of Reikianess, Krysuvick, Geyser, Beikum, &c. in tbe 
south, there are many others in the middle of the island, and a 
great many in the neiglibourhoocl of Myvaln, of which the most 
considerable are Hueraveliir, Naumafell, Oxehver, Testai-eiker, 
and those at Odadarhaun. 

We cannot maintain, that the alica in these hot-springs is de- 
rived from a quartzose solution, because quartz is one of the 
rarest minerals in Iceland. The siliceous»anter, with all the 
other substances afforded by the siliceous water, viz. sulphur, 
gypsum, alum, bole, &c. disappear as soon as the water cools, 
and the residuum is trap-porphyry, basalt, and even amygda- 
loid. 

The neptunian formation predominates in east and west Ice- 
land, yet not without some occasional intermixture of volcanic- 
neptunian rocks. The greater number of veins that occur in 
these rocks, are volcanic-neptunian. 
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ObservaHma by the EniTon. 

From the preceding short account, it appears, that Icelani 

ia formed of four classes of rocks, viz, Ncptunian or common 

Trap rocks, Volcanic-neptunian rocks, true Volcanic rocks, and 

Alluvia] rocks. 
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1, The Neptunian Trap-rocks are the same as those met with 
in the Hebrides, and in our trap districts in tjie Mainland of 
Scotland, 

The following are enumerated: 1. Trap porphyry. 2. Clink- 
stone porphyry. 3. Claystone porphyry. 4. Homstone por- 
phyry. 6. Pitchstonc porphyry. 6. Obsidian porphyry. 7. Pearl- 
stone [xjrphyry. 8. Wacke. 9. Amygdaloid. 10. Greenstone. 
11. Basalt. 12. Trap-tuff. 

S. The Ko&««w:-JVfp(umflM rocks, those namely which Menge 
maintains are formed from hot springs, tu-e basalt, lava, tuff 
and trap porphyry. Tliese rocks are said to be readily distin- 
guished, even in hand-specimens, from true trap-rocks, and true 
volcanic rocks, by their external characters. 

8. The tme Volcanic rocks are lava, of which there are three 
kinds, Compact, Vesicidar, and Spumous, also ti'ass and tuff. 
Neither of these two latier tribes of rocks have hitherto been 
discovered in Scotland, 

4. The Mhwial rocks are formed of debris from the three 
preceding classes. 

The Neptunian trap-rocks extend through Iceland from 
S. E. to N. W., and ai'e intersected by a great body of vol- 
canic rocks, which runs from S. W. to N. E., and therefore 
cuts across the trap-rncks in the form of an enormous vein. The 
rocks formed by hot springs, called Volcanic-Neptunian Rocks, 
are not confined to any particular tract; on the contrary, they 
are very generally distributed throughout Iceland. And, lastly, 
it appears, that all the perennial springs in Iceland flow irom 
Neptunian trap-rocks, never from true Volcanic rocks ; but that 
hot springs issue from volcanic rocks. R. J. 

Art. X^'K.— ■Historical Account of Discoveries respecting 
the Double Refraction and Polarisation of Light. Continued 
from Vol. i. p. 296. 
PiiKiOD II. Containing the Discoveries of Christopher 
Hiiygcns, 

A. FEW years afier the publication of Bartholinus's work on 
Iceland crystal, the attention of the celebrated Hiiygens was 
directed to the subject of double refraction. He was induced to 



j^icovetiet ly'Cimatoptiei Huygois retpeciinff 
begin this invesligalioii principally with the view of obvialiiig 
any objection that might be drawn from the i'acts discovered by 
Bortholinus, against his own theory of ordinary refraction, and 
he was led to the particular views which lie has published, frcan 
a desire to as^milate the two classes of phenomena. 

His researches on this subject form the ^/ilt chapter of his 
Traite tie la Lumierc, which is entitled De Tcstrav^ reac- 
tion dii Crisial d'/slande. This work was composed about the 
year 1678, and read to several of the learned individuals who 
then composed the Academy of Sciences ; but it was not publidi- 
ed till the year 1690, when its author was resident in Hollaod, 

After a few preliminary observations, in which he gives Bar- 
tholinus the credit of having discovered some of the principal 
phenomena, he supposes ABEF, Plate IV, Fig. 1. to be a piece 
of Iceland crystal, and cronceiving one of tlie three obtuse angles, 
which form the solid angle C, namely ACB to be bisected by CG, 
he calls the plane CGHF, which passes through iliis line, and 
the side CF, tlie Principal Section of the crystal. 

If the sulfate A B is now exposed to the sun, being all cover- 
ed but a small aperture K in CG, and if a ray IK is incident 
perpendicularly at K, it will he divided at the point K into two 
rays, one of which KL, will be a continuation of IK, while the 
other KM, will deviate from KL towards C, by an angle of 
Gf 40', but will still be in the plane CGHF. This ray will 
emerge at M in the direction MZ parallel to IK. Hence, since 
the point M, by the extraordinary refraction, is seen by the re- 
fracted ray MKI, the eye being at I, any point or aperture at 
L, by the same refraction, will be seen by the refracted ray ' 
LKI, LK being parallel to UK, if I is very distant. The 
point L will consequently be seen in the direction IRS, and as 
the same point is seen by the ordinary refraction in the direc- 
tion IK, it will necessarily appear double. 

If the ray now falls in die direction NO, in the plane CGHF, 
making an angle of 73° SW with CG, or nearly parallel to CF, ' 
which makes with FH an angle of 70° 57', it will be divided at 
O into two rays which will be a continuation of NO, 

without refraclio er will be refractetl in the direc- 

tion OQ, both ri plane CGHF. This is irue 

of all planes para il iseii'.von. 




DouUe Refraction aad Polaritatiim. 

In ordtT to determine the law of the two refractions, Huygena 
drew upon a smootli surface a blac-k line, AB, Fig. 2. and two 
lines CED, KML i»erpeiidicular to it, and having their distance 
EM greater or less, according to the obliquity at which the re- 
fraction is to be esaniinpd. The t-ryslal being placed upon E, 
so that AB is in, or parallel to, the principal section EG, place 
the eye above it, and the hne AB wiU be seen single, but CD 
will be double. The ordinary image will he eaaly distinguish- 
ed from the extraordinary image, from the latter being always 
more elevated, or IVoin the fonner remaning fixed in turning the 
crystal, while the latter revolves round the ordinary image. 

If the eye is now placed at I, perpendicular to AB, till it sees 
the ordinary image of CD coinciding with the part of CD with- 
out the crystal, let the point H be marked on the crystal, where 
the intersection at E appears. Let the eye be now taken to- 
wards O, in the same perpendicular plane, till the ordinary 
image of CD coincides with KL, and lei the point N, where the 
intersection E now appears, be marked upon the crystal. The 
lines NH, EM and HE, the thickness of the crystal, being ac- 
curately measured, then joining NE and NM, the ratio of re- 
fraction will be that of EN to NP, because these lines are as the 
sines of the angles of incidence and refraction NPH, NEP. In 
this way Huygcns found the ratio to be that of 5 to 3 at all in- 
cidences, as Bartholinus had previously determined. 

In order to find the extraordinary refraction, he next with- 
drew his eye to Q, till the extraordinary image of CD coin- 
dded with KL ; he marked the point B, and consequently ob- 
tained by measurement the ratio of EH to ES, or the ratio of 
the Sine of incidence to that of refraction. By numerous obser- 
vations, he found that this ratio was not constant, but changed 
with the inclination of the incident ray. 

In continuirig his observations on the extraordinary refraction, 
Huygens found that it observed the following taw : Let CGHF, 
Fig. 3. be the principal section, and SK, VK two incident rays 
equally inclined to the perpendicular XL, and KT, KX the ex- 
traordinary rays after refraction, the distances TM and XM of 
diese rays from the point M, where the refraction of the jwrpen- 
dicular ray IK cuts the base G¥, will always be equal. This 
law is also true in the refracdon of the other sections. 
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ITO Diicoveriea c^Huygens reaptding PolarUation, 

Huygens next pniceeds to explain his theory of double re- 
fraction, founded on the hypothesis of light being the undulations 
of an ethereal medium. He supposes the ordinary refraction to 
be produced by spherical undulations, propagated through the 
crystal, while the extraordinary refraction arises from spheroidal 
undulations, the form of the generating ellipse being determined 
by the ratio of the two refractions. He then proceeds to shew 
that the deviation of the extraordinary ray, calculated upon this 
hypothesis, agiees precisely with observation. As this part of 
Huygens' treatise is of a less elementary nature than the rest, 
we shall make it the subject of a separate paper in our nest 
Number. 

Hiiygens' Discovery of ilte Polarisation of Li^iL— After he 
had drawn up his treatise on double refraction, Huygens disco- 
vered what he calls " a wonderful phenomenon," or ihe pola- 
risation of the two pencils of light formed by Iceland spar. Ha- 
ving taken two pieces of Iceland crystal, and held them with a 
space between, he found that if all the tddw of the one piece 
were jmrallel to those of the other, as in Fig, i., the two pencils, 
BC, BD, fontied by the double refraction of the ray AB, were 
not doubly refracted in ))assing through the second crystal in the 
hnes EF, GH ; the pencil DG, which had been regvlarhj refract- 
ed by the first crystal, being now only regularly refracted by the 
second, while the pencil CE, which had been txtraordvna/rihf 
refracted by the first, was only extraordinarily refracted by the 
second. The very same result took place, not only in the posi- 
tion shewn in the figure, but in all other positions, where the 
principal sections of the two crystals were in the same plane, and 
whether the two surfaces were parallel or not. " Now, it is 
wonderful," says Huygens, " why the rays CE and DG, inci- 
dent from the air upon the lower crystal, should not divide 
themselves like the first ray AB. One would say that the ray 
DG, in passing through the upper crystal, must have lost what 
was required to move the matter which served for the extraordi- 
nary refraction ; and, in like manner, that CE had lost what 
was netressary lo nic 
refraction. There 
^his reasoning, whic 
9 that the planes w. 
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Dr Brewster on the Phosphoresctfue of Fhior-ipar. 
thor at right angles, tlicti, whether thu surfaces are parallel or 
not, the ray DG which procreds J'rom the ordinary refraction, 
Stiffen only the extraordinary refraction in l!te loteer crystal, 
and the ray CE which proceeds from the extraoj dlnary re- 
fraction, offers only tlie ordinai-y refraction. But in all 
the other positions, infinite in number beside those which I have 
determined, the rays DG, CE divided themselves into two by the 
refraction of the lower crystal, so that from the single pendl AB 
there are formed four pencils, sometimes of equal brightness, 
and sometimes ai different brightnesses, according to the difFe< 
rent positions of the crystals, but which do not seem to have 
more light, when taken all together, than the single ray AB. 

" When we consider (the rays CE, DG remaining Uie same,) 
that it depends on the position of the lower crystal whether these 
rays are divided or not, while the ray AB is always divided ; 
we are obliged to conclude that the waves of light, in order to 
have passed through the first crystal, have acquired a certmn 
form or arrangement, in virtue of which, by meeting the texture 
of the second crystal in one position, they are capable of moving 
the two diffeient mattei-s whicli serve for the two kinds of re- 
fraction ; while by meeting the second crystal in another posi- 
tion, they have not the power of moving any of these matters. 
But in what manner this hap^rens, I have not been able to form 
any satisfactory conjecture." 

(To be contimied.) 



Abt. XXXI. — On a singular Dcvelopement of Crystalline 
Structure by Phosphorescence. 

JN prosecuting the experiments on the phosphorescence of 
minerals, published in our last Number, we observed a very re- 
markable phenomenon in a specimen of blue fluor-spar. When 
a thin slice was cut from this specimen, so as to be transparent, 
it resembled a leaf with veins inclined to the ridge or central 
line which divided it into two parts. The central line, and 
several of the veins were colourless ; while some of the veins 
were of a deep amethyst colour, and others of a pate amethyst 
colour. 



Some accatmt vf Am^aDtmmrm 
I Upon p1ax;ing this slice on a hot iron, in order to examine itt 
I phosphorescence, I was surprised to observe that the phosphik 
I rescent matter was arranged i-n strata or veins parallel to those 
I of the specimen, and each stratum emitted a phosphoric light 
I peculiar to itself, and differing from that of the other stratft 
I Other in colour or intensity. Some of tlie veins discharged fe 
L purple light : others a yellowish green light ; others a whitisb- 
I fight, and others exhibited no phosphorescence at all. The 
1 most singular circumstance, however, was, that the diiferent 
I fltrata of phosphoric light preserved their boundaries sharp and 
I %ell defined, and were far more minute and numerous than the 
I Strata seen by a microscopical examination of the specimen. 
[ The discharge of the phosphorescent matter, therefore, had 
L -^splayed an arrangement of strata which could not have been 
I detected either by tlie optician or the mineralogist, in the same 
I banner as in a piece of chalky Tabashecr of an uniform whitSii 
I Bess, a veined structure is exhibited after the partial discharge 
I of the oil wliich it had unequally absorbed. 

I In a future paper, we shall have occasion to point out the' 
Keonclusion^ respecting the cause of phosphorescence wh'ch are 
i'iadicated by tliis and other experiments. D, B. 



Abt. XXXII. — 5'om^ Jceojm^o^ProfessorAMici's Discovertef 

relative to the Motion of the Sap in Plants ♦. 

X^HOFESSOR Amici, in the course of a series of experiments 
with his newly invented catoptrical microscope, in which he em- 
ployed only very small and delicate objects, and such as seemed 
to promise some hiteresting discovery in respect to their organi- 
zation, made some very remarkable observations on the modon 
of the sap in the stonewort plant (Chara, Lin.), which he com- 
raunicaled to the public in a short treatise, afterwards inserted 
in the 18th volinne of the Memoirs of the Italian Society. 

So long ago as the year 1774, the Alibe Corti had remarked 
a sort of circulation of -i this very simple plant t. With 

■ Tranalated &om Gilbci 

f Ofervmi-mi microscop ilia circataaiom ddfivOa M 

fianCa acqaajtala, dtlC Aba , Prof, di Faica, ^e. Laeat,'H 
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the aid of his microscope, Amici Las now discovered in it new 
laws of motioD aad new organs, which had escaped the observa- 
tions of Corii, and which tlirow new light on the physiology of 
plants in general, and particularly on the much contested po- 
rous tubes of Mirbel, and their functions in the economy of 
plants. Professor Amiti's experinienta were made from the 
year 1814 to 1813 ; they were carefully noted in his journal, 
and are now fully and circmnstanlially descnbed in the memoir 
to which we have alluded. Tlie following is, in substance, the 
result of his obsenations. 

In all die parts of this iJant, in the most delicate fibres of the 
root, as well as th^ finest green tendrils of the stem and branches, 
we may observe a regular circulation of the sap which they 
contain ; while transparent globules of vaiiuus sizes are con- 
standy and regularly moving in uninterrupted circulation, with 
a velocity gradually increasing from the centre towards the 
ades in two opposite alternating streams, up and down, in the 
two halves or sections of the same simple cylindrical canal ot 
vessel {»eparated by no partition), which runs lengthwise through 
the fibres of the plant, but which is interrupted at certain inter- 
vals by knots, and closed up by a partition which limits the cy- 
clus. The circulation proceeds tJius throughout the whole 
plant, and in all its fibres, from one knot to another; and in 
every tract or portion limited, as above described, in itselJ', and 
totally independent of the rest. 

In general, the motion is perpendicular up and down; in 
some fibres, however, it is spiral, so that the ascending streams, 
which were seen at first on the right hand, appear next on the 
left, and vice versa. In tlie fibres of the root, the circulation is 
quite simple, as only one single central canal appears; but in 
the green tendrils of the plant, the great central canal is sur- 
rounded by a number of similar small vessels, which have 
all a similar structure; but in each divided from it by ap- 
propriate partitions, so that they may be completely separated 
from it, each of them having a similar perpendicular or spiral 
circulation peculiar to itself. 

If one of these vessels be slightly tied, or bent in an acute 
angle, the circulation will be interrupted, as in the case of a na- 
tural knot, and will then proceed above and below the ligature 
or bend, as before, along the whole tract. When restored to its 
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former situation, the original motion will also be renewed, pro- 
vided t!ie plant lias not been essentially injured in that place, or 
the forced situation lias not been too long maintained. The 
circulation will also continue in the one half of the tract, after 
the other has been cut off abnve tlie ligature. 

If one of the vessels be cut through right across, the sap 
which it contmns will not immediately and entirely flow out, 
but only that of the one lialf, — the stream, namely, which is 
flowing towards the cut, — while the other continues its course. 
Vinegar deadens the motion, and even prevents the flowing of 
the sap out of a divldetl vessel. 

The vessels are formed of an exceedingly delicate, smooth, 
white, transparent membrane, with regular, parallel, greenish 
stripes, running in a perpenJicular or spiral direction, according 
to the direction in which the sap circulates. Between the 
stripes of each half of the vessel, that is, between the two 
streams which run up and down, there is always a smooth inter- 
val of the membrane without stripes, of ihe breadth of five or 
KX, or more stripes. Of these smooth intervals there are two in 
each vessel, exactly opposite to each other, and of equal breadth ; 
and, between them, the stripes (which, so far as the vessel is 
perfectly cylindrical, are divided by the intervals into two equal 
semicircles) are equally distributed. 

These stripeless intervals., which exactly intersect the diame- 
ter of the circle of the cylindrical vessel, form, as it were, the 
partition between the two streams ; and here there is indeed no 
motion of the sap globules, or, at most, a very sluggish and inter- 
rupted circulation. These stripes, of which above an hundred 
may be counted in both semicircles of the vessel, are rmsed and 
fastened to the internal part of the membrane, and of different 
compactness and strength. Wherever they appear most com- 
pact, thickest, and strongest, and generally in that neighbour' 
hood, and consequently towEU-ds the ^des of the vessel, we shall 
always remark the strongest and most rapid motion of the sap 
globules. These stripes, therefore, have an evident influence 
on the mode and degree of the circulation. 

When magnified 207,025 limes •, these stripes appear to be 

' 465 times, accoiding to the usual mode of reckoniiig : Amici gives the mag- 
nified sapwfides, and 455 = V81)T,0!S.— Ed. 1 
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composed of small green globules, or small bodies of an irregu- 
lar form, as if strung together like the beailsof a rosary. They 
are diBttngiiiahed from the sap of globules by thar green colour ; 
and they do not mix with them when flowing at the same time 
out of the divided part of a plant into water. 

If the vessel be divided, many of the stripe-globules near the 
cut will separate from the membrane ; those more remote, how- 
ever, will rem^n attached to it, and preserve their stiipe form, 
only their direction will undergo siime change in consequence of 
the lost tension, and the stripes v.-jU appear bent into various 
curves, outwards or inwards, and in some places unnaturally ap- 
proached to, or removed from each other ; and in this case, the 
motion of the sap-glubulcs, so far as it still continues, (for ue 
have already ubi^rvcd, that all the sap does not flow out at 
once,) follows this new unnatural direction, and appears to pro- 
ceed most ra))i(!ly in those places where the stripes have acci- 
dentally run thickest together. 

If the membrane of the vessel lie gradually pressed, all these 
stripe-globules may be forced by degrees in a mass out of 
the aperture matic by the cut ; and the membrane will then ap- 
pear quite smooth, pure white, and transparent as glass. Vine- 
gar causes these globules to come out singly, or in pairs, or 
several hanging together, like fragments of a chain, and then 
they appear bound to each other by an extremely delicate mem- 
brane. 

Now, as the cause of the constant and regular motion of the 
sap in this plant cannot possibly be ascribed to any of the pow- 
ers hitherto assumed by vegetable physiolo^sts,— the capillary 
attraction, the alternate contraction and dilatation, or the irrita- 
bility of the vessels, because these are evidently quite passive ; 
while, upon the other hand, the symmetrical stripes above de- 
scribed, as composed of small globules, exhibit the most obvious 
influence, not onlv on the mode, but even on the degree and reality 
of the circulation ; Amici conceives himself justified in assuming 
as an hypothesis, that these stripes are to be considered aa vol- 
taic piles, and that the motion itself is to be attributed to the 
influence of galvanic agency ; and this hypothesis seems to be ] 
supported, on the one hand, by the construction of these stripes, 
and on the other, by the known fact, (although perhaps not yet 
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sufficienlly confirmed,) that by means of this agent, (galvanism,) 
water may he conducted over from tlie positive to the negative 
pole, raisedj contrary to all the laws of hydraulics, above the 
level, and brought through the jjores of a bladder, which, bill 
for it, are otherwise impermeable. 

It is rather remarkable that another natural philosopher was 
engaged in these curious and delicate investigations at the 
same time with Amici, and with the very same plant, and 
published the result of his observations in the same year. 
We allude to that eminent German botanist, Dr Martins, 
(at present naturalist to ihe King of Bavaria in the Brazils,) 
who, in the year 1815, wrote a treatise on the structure and 
the nature of the Chara; which was read at the Hoyal Aca- 
demy at Munich, and printed in the Transactions of the 
Leopoldine-Carolinian Academy of Naturalists (Nova Acta 
Pkysico-Viedica), vol. i. Eriangen, 1818, 4to. Dr Martins in- 
vestigated tlie internal organization not only of the C/iara vtd- 
garis, (to which the experiments of Amici were confined,) but 
also of the Chara jlexUls and hisp'tda ; and he has communi- 
cated liis observations very minutely in the memoir to which we 
have alluded, and to which we nmst at present refer our read- 
Previous to the experiments of Amici and Martins, Professor 
Treviramts of Bremen liad made similar observations on the 
moticin of t!ie sap in these plants, but without attempting to 
ascribe it to the same principle which is adopted in Aniid's hy- 

The preceding observations derive still greater importance 
from the circumstance, that Professor Amici thinks he has dis- 
covered a similar organization in various other plants, particu- 
larly the Tropa-olum mqjus and Humvlus luptdits, which he exa- 
mined for the purpose of investigating the porous lubes, discover- 
ed by Mirbel, and observed by other vegetable physiologists; 
and lie also thinks himself justified in believing, iliat the small 
granular sulistances which Sprengel found in the cells of some 
plants, and which frequently exhibit a regular posilion, are in 

■ See Obienatum! 0) ~ granular substance in aomt Confervtt, 

and one Chara, in Wcbt Voturai H'uto'y, vpL ii. Kiel, 1810, 
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reality similar stripe-glob ules, forming a similar galvanic appti^ 
mtus. It appears to him, therefore, by no means improbable, 
that the cause of the motion of the sap in all [)lant9 may be 
traced to the same principle and power, although under a va- 
riously modified organization. 

Amici had been prepossessed against the porous tubes of 
Mirbel, which he considered as striped vessels, similar to those 
above described, and the alleged poi-es he held to be nothing 
more than symmetrically arranged globules, which, by an opti- 
cal iilusinn, had the appearance of being perforated in the 
centre. Notwithstanding this preconceived opinion, however, 
and tlie natural prejudice in favour of his own theory, he becams 
TOnvinced of the contrary, discovered real pores, but found, at 
iJie same time, that these vessels were not sap, but really and 
indisputably air-vessels, — a fact which Link had previously 
muntained. Professor Amici farther discovered, that the iubi 

fibrosi of this and several other plants, which are their proper 

sap-vessds, possess rimilar stripes and globules. 

We understand that this ingenious philosopher has also made 

some very interesting observations respecting the structure and 

motion of the globules in the bloodvessels of animals, which, we 

trust, will soon be communicated to the public *, 



Abt, XSXIII. — MineralogicalRtpori, made by the Chief En- 
gineer of ike Grand Duke of Tuscany to his Serene High- 
ness, respecting the Island of Elba -f-. 

-T OBTOFEEHAio and the forts of La Stella and II Falcone, are 
l}uilt upon a hill of grey argillaceous schistus, as may be eamly 
observed on the sea-side. 

On the right of the road from Portoferrmo to Rio, a short 
distance from the Porto del Ponticello, is a hill of indurated 
clay, containing crystals of quartz, some cubical, some irregular. 

eriea respecting the form o! the globules of blogd, 
It. Med. Journal, voL iv. p. 180.— Ed. 

:>f the author, from Mi U. W. WiUiama' ialercM- 
« ^bUsbcd — Ed. 
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lb many plaoes^ the rock has crumbled mto a eomtnn cky» in 
which the quartz crystads ave scattered umiltesed^ 
' ' Advandng toirBrds Rio along the 8e»«hore» we p&» the salt- 
wdrks of Portoferrak). The hiHs are still composed of aigilla- 
ceous schistus, covered at the summit by limestone. .Rio itsdf 
stands upon a hill, in which the sehistas and limestone axe dis- 
posed in alternate beds. 

' Between Rio and Portolongone the only subject of interest is 
the mine of Terra Nera^ which lies to the south-east of the lat- 
ter city. 

Between Longone and Capoliveri lies the plain of Mola, 
whichy although the most fertile soil in the island, is abandoned 
to stagnant waters, and consequently ta malaria, which renders 
it uninhabitable.. 

Capdiveri stands upon on argillaoeous schistus, over the sur- 
&ce of which lie fragments c^ serpentine and Iknestone. In the 
vicinity is the Mente Calamita, or mountain; of loadstone, so fa- 
mous all over Europe, and which, if well managed by the go- 
vernment, would alone insure a subsistence to the wretched in- 
habitants of the island. 

Inr the district of San Peiro, to the west of CapoHvm, is the 
great granite quarry of Sacchetto, wh^ice, it would appear, that 
the ancients drew many of tlieir columns. Three of the columns 
in the portico of the Parthenon, are of a similar stone. There 
still exist on the ^t, in an unfinished state, several columns in- 
scribed Opera Pisana,. and a basin qf great diameter. 

Marciana is built upon the prolongation of the Granite Moun- 
tains, now sinking under the schistus. The mountains inland 
firom it are the highest in the island, and so rugged as to be 
nearly inaccessible* Proceeding roimd to Portoferraio, we find 
nothing but the argillaceous schistus. 

SmaU as the island is, it contains minerals which mig^t pro- 
duce an immense revenue. 

Its mines of gold and silver may be overrated, but the granite 
and marble quarries are of immense value, and copper and sul- 
phate of iron form two lucrative branches of trade. The load- 
stone of Capoliveri, and the iron of Terra Nera^ might be work- 
ed to any extent, did not ihe government throw obstades in the 
way of exportation. 
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The sbmU Ldand of Pianoaa, immediately adjacent to Elba, 
now entirely uninhabited, might be cultivated to great advan- 
tage. ■ 'The ancsient roads still remain, aa also the ruins of baths. 
it htm a great extent of land fit for the plough ; 600 head of 
cattle might find pasture ; and the olive and vine thrive well. 
Nlipoiton had begun to rqudr the harboui:, and build a fort to 
protect it from the Algerines, and at the ^ome time^to clear, out 
the feiuntinns still in existence. Now, however, all these im- 
provements are abandoned, and Pianosa remains uninhabited* 



Abt. XXXIV. — Quarterbf Jlstract of the Diurnal Variation 
of the Magnetic Needle. By Colonel Beactfoy, F. R. S. 

Monthly mean Variation of the Magnetic Needle, 

Variation West 
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1818. 
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{ Morning, 


24° 81' 16" 


24* 34' 4^' 


24° 82' 33" 
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24 45 58 


24 42 49 
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Art. XXXV. — Proceedings of the Royal Society of Edin- 
burgh. 

Nov. 16. 1819. A. Paper by Dr Brewster was read on the 
subject of Circular Polarisation^ a name by which he proposes 
to distinguish the phenomena first discovered by M. Arago, 
along the axis of Rock Crystal, afterwards analysed by M. Biot, 
and subsequently discovered by MM. Biot and Seebeck in seve- 
ral fluids. M. Biot had shewn, that in some specimens of rock 
crystal^ a certain succession of tints was prmluced by turning 
the analysing prism direct from Sight to Left^ while in other 
specimens, the same succession was developed by turning the 

m2 
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prism in a retrograde direction from left to right. He detected 
a fiimilar difference in fluids ; and he concluded, that the cause 
of the phenomena resided in the ultimate partiidea of »lex and 
the fluids, and was entirely independent of their mode of aggre- 
gation. 

The principal object oS Dr Brewster^s paper, was to describe the 
co-existence of the direct and retrograde structure in the same mi- 
neral, and the entire extinction of the drcular polarisation in the 
stratum which intervened between the two opposite structures. 
He discovered traces of circular polarisation in crystals with two 
axes, and detected some new properties of this interesting species 
of polarisation. Several arguments were adduced to shew, in 
opposition to the opinion of M. Biot, that in the case of cry- 
stals, or of solid bodies dissolved in fluids, the property of cir- 
cular polarisation cannot belong to the ultimate particles. 

Nov. 9Q. — ^At a general meeting of the Society, the follow- 
ing gentiemen were elected Office-Bearers and Counsellors : 

Sir Jamu Hall, Baronet, President. 

Ri^t Honourable Lord Gray, 1 vice-Presidentfc 
Hon. Lord Glenlee, 3 

Dr Brewster, General Secretaiy. 

James Bonar, Esq. Treasorer. 

Thomas Allan, Esq. Curator of the Museum. 

PHYSICAL CLASS. ^ 

Sir G. S. Mackenzie, Bart. President. Professor Alexander Irving, Secre tar y. 

Connsdlors firoin the Physical Class. 

Mr James Jardine. Gilbert Laing Meason, Esq. 

Honourable Captain Napier. Profiessor-RuBaeL 

Dr A. Duncan Jun. Dr Hope. 

LITERARY CLASS. 

Henry Mackenzie, Esq. President. Thomas Thomson, Esq. Secretary. 

Counsellors from the Literary Class. 

Reverend Dr Jamieson. Sir John Hay, Bart. 

Reverend John Thomson. Professor Christison. 

Reverend Dr Brunton. Hon. Baron Clerk Rattray. 

Dec. 6. — ^At this meeting, a paper was read, containing farther 
particulars respecting the slide at Alpnach, and a notice respect- 
ing its recent demolition. This paper is printed in our present 
number, p. 112. 
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'Dr Brewster laid before the Society a notice rcsiiecting the 
developement of crystaUine structure by Phosphorescence gee 
this Number, p. 171. 

A paper by Mr C. A. Busby was hkewise read, containing 
an account of a method of forming parabolic surfaces, by giving 
a rotatory motion to a stratum of fluid. The mechanism for 
this purpose, consists in a combination of the princi])le of the 
syphon with that of Barker's mill. The author proposed to 
apply this idea to the formation of mirrors for large telescopes. 



AiiT. XXXVI. — Proceedings of the Weriiei-ian Natural H'ts- 
tory Society, 

Nov. 27. 1819. A WO communications from Dr Traill of 
Liverpooi were read. The fii-st contained the description of a 
new species of Simia, resembling the Preacher Monkey of Pen- 
nant. It is common in the forests of Demerary, and five speci- 
tnens were sent to England in 1817. by Charles Edmondston, 
£sq. ; but the species does not appear hitherto to have been de- 
scribed. It is distinguished by the head being black and beard- 
ed; tail not prehensile, thickly set with black hiurs, claviform; 
. the body below is black, but the back is well clothed with an 
ochry-coloured fur. This gives the animal the appearance of 
being furnished with a jacket, and from this circumstance Dr 
Traill proposes to g^ve it the trivial name of sagulata. The 
other communication consisted of the description of a new spe- 
cies of Felis from Guyana, also sent home by Mr Edmond- 
ston. It is nearly allied to the Puma of naturahsts. It has a 
long tail ; the whole body is spotless, and of a clear reddish- 
brown colour. Dr Traill proposes to i^tinguish it by the name 
of Fehs unicohr. 

At the same meeting, the first of a series of ornithological 
papers, by Dr Fleming of Flisk, was read, containing a minute 
description from nature of the Water-rail, with remarks on its 
habits. 

At this meeting, being the first which had occurred since the 
viat of Prince Leopold to Edinburgh, it was proposed by the 
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Preeident (Professor Jameson)^ and unanimousty agreed to^ 
that His Royal Highness should be enndled as an'HcDomiy 
Member cf the Society. ' ? : : 

Dec. 11. — The following gentlemen were ekcCed Offioe«-Beif- 
<?rs and Counsellors : 

HoBBftT Jamisom^ Esq. Prof. Nat. Hkt Edin. FteMML 

John Campbell, Esq. -| 

Sir Patrick Walker. I 

V Vice-Piciideiita. 
Thomas Mackenzie, Esq. M. P. f 

Robert Stevenson, Esq. J 

P. Nein, Esq. Secretary. Wm. Ellis, Esq. Treasurer. 

James Wilson, Esq. Librarian. P. Syme, Esq. Painters 

Council. 
Dr David Ritchie. Captain Thomas Brown. 

David Falconar, Esq. Colonel D. Williamaon. 

Thomas Sivright, Esq. William Newbigging, Esq. 

DrJa. Gregory /ttiiior. Dr Samuel Hibbert. 



AUT. XXXVII.— SCIENTIFIC INTELLIGENCE. 

I. NATURAL PHILOSOPHY. 

ASTRONOMY. 

1. Comet o/*1819. — M. Bouvard has discovered the error 
'which we pointed out in our last Number, p. 403., in his ele- 
ments of the orbit of the comet of 1819. His new elements are. 

Passage of the perihelion, ISlOy June SSth, ff" IT, Mean time 

from midnight. 

Longitude of the node, - - - 9» S*4f2'3*' 

Longitude of the perihelion, - - 9 17 '4 55 

Inclination of the orbit, - - - 80 45 

Perihelion distance, - . - 0.34007 

Motion, - - - . Direct. 

These results agree very nearly with those obtained by our 
correspondent Mr Rumker, frotn Mr Pond'*s observations. 

2. Elements of the Orbit of the PUmet Ceres. — M. Westphal 
has published the following elements of Ceres for Jan. 0. 1818, 
.and the meridian of Gottingen* 
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Mean longitude, - . . - SXB^^V T 

Mean trofncal daily motion, - . «» 770^77 83 

Longitude of perihelion, - - - liTlS'SS* 

Lon^tude of node, - - - 80 45 19 

Inclination of the orbit, - - - 10 87 5ff 

Ia^. of greater semi-axis, - r - 0.44S1QS9 

Excentricity, (= Sin 4° 28' 5r.9) - - 0.0781689 

These elements were computed from six oppositions,' compared 
with Gausses Tables of Perturbations. 

3. Elemehis of the Orbii of the Planet Juno. — The following 
elements have been computed by M. Nicolai, Director of the Ob- 
servatory at Manheim : 

Mean longitude at Manhdm, Jan. 0. 1819, 117' 45" 2^.84 

Mean tropical daily motion, . - 813^.86981 

Longitude of perihelion, - - SS"32'56":09 

Longitude of node, - - - 171 6 50.28 

Inclination of the orbit, - - - 13 3 37.29 

Log. of greater semi-axis, - - - 0.4263500 

Ai^le of Excentricity, - - - 14^63'17".44 

4. Oeoceittric Places ^ PaHaa.'^Accor&ng to M. Dirksen, 
the next oppoadon of the planet Pallas wiH be in 1820, Jan. 
G^ 20^ IG iV mean time at Gottingen, its lon^tude being 
lOe* 0' 18".2> and geoc. lat. 54* 28^ 83".2 south. 

5. Barom Zach o» the JError xf Repeating Circles. — ^From nu- 
marous observations made by this active and able astronomei^ 
and by M. Ii^hirami, he has conduded, that an error of from 
five to ten seconds inay r^nain undetected, in the .mean of many 
liundred observations ^th the 12 inch repeadng cirdes of M. 
fidchenbach. 



t)PTICS. 



6. Indination of the Resuitant Axes of Crystals. — The fol- 
lowing measures of the inclination of the resultant axes of cry^ 
stals with more than one axia, hav^ been obtained by Dr 
Brewster.: 
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Carbonate of strontian, - - ©"56' 

Spermaceti crystallieed, - - 37 40 

Sulphate of magnesia and soda, 46 49 

A new mineral, - - 56 

Epidote, - - - - 84 19 

7. Crystals with one Axis of JJouhle Refraction. — The fol- 
lowing crystals have been found by Dr Brewster to have one 
axis of double refraction : ■ ■ 

PosiliTe Clius. Negative Class. J^l 

Oxide of tin. Molybdate of lead. B 

Apophyllite from Fossa. Carbonate of iron and lime. ' 
Other crystals have been found to have one axis from the tints, 
but as the single system of rings was not seen, they Iiave not 
been inserted here. 

8. Refractive poTcer of Hyposulphite of Soda and Silver.—' 
Mr Herschel has found tlie indices of its two refractions to be 
1.735 and 1.785. 

9. Nitrite of I^ad. — Mr Herschel has fi»md the index of 
the ordinary refraction of this salt to be S.SSS. He found also 
that it had two resultant axes. We suspect, however, that it 
may have been another salt, or may have contained impurities ; 
as the nitrite of lead which we examined, and winch was made 
by an able chemist, had do double refraction, and no polarising 
structure. 

10. Illuminating' poicer of Gases. — Mr Brandehas ret-enlly 
found that the iliuminating powers of okfianl. oil and coal gases, 
arc as the numbers 3, % and 1, and that their heating powers 
are nearly in the same ratio. 

MAGNETISM. 

11. Captain Scoresby on the anomaly in the Variation of 
Needle. — A very interesting paper on this subject, by our able 
correspondent Capttun Scoresby, has been published in the 
Phil. Trans, for 1819, Part I. The following are some of the 
results of his observations : 

1. All the iron o' ■ "hip has a tendency fo biicame 

magneticat, the upp opposite bars being S. and 

the lower N. poles i, lemisphere, and vice versa. 
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2. The combined influence of all the iron is concentrated into 
a focus, the principal S. pole of which being upward in the N. 
Jlemisphere, is situated in general near the middle of the upper 
deck. 

3. This focus of attraction, wJiich appears to be a S. pole in 
N. dip, attracts tlie N. point of the conipasa, and produces the 
deviation iu the needle. 

4. This deviation varies with the dip of the needle, tlie por- 
tion of the compass,- and the direction of the ship's head. It 
increases and diminishes with the di]>, and vanishes at the mag- 
netic equator. It Is a maximum when the ship's course is W. 
or E., and it is proportional to the sines of the angl« between 
the ship's head and the magnetic meridian. 

5. A compass placed in either side of the ship's deck, direct- 
ly opposite to the focus, gives a correct indication on an E. or 
W, course, but is subject to the greatest deviation when the 
ship's head is N. or S. 

METEOKOLOCy. 

12. Sir H. Davys Theory of Mists. — According to this emi- 
nent chemist, land and water are cooled after sunset in a very 
different manner. The impression of cooling oh the land is li- 
mited to the surface, and is very slowly transmitted into the in- 
terior; whereas in water the upper stratum, when cooled, de- 
scends, and has its place supplied by warmer water from below. 
The surface of the water will therefore, in calm and clear weather, 
and in temperatures above 45' Falir., be warmer than that of 
the contiguous land ; and consequently the air above the land 
will be cooler than that above the water. When the cold air, 
therefore, from the land mixes with that above die water, both 
of them cimtaining their due proportion of aqueous vapour, 
a mist or fog must be the result, Phil. Trans. 1819, Part I. 

II. CHEMISTRY. 

IS. Xew Alkali discovered by MM. Pelletier and Caventou in 
the Veratrum Sahadilla. — In the prosecution of their researches 
respecting animal substances that have a decided action on the 
fj these able chemists have discovered in the 
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the Vtrairum sabadUloj an alkaline matter capable of crystallising, 
and endowed with an excessive Intteraess. Th^ experiments 
upcm this substance have not yet been completed. Journal de 
Physique^ Aout, p. 155. 

14. Dr Clarke on the Alloy of Lead aiid Platinum. — If pieces 
of platinum and lead be placed beinde each other, and exposed 
to the heat of the blowpipe, there will be seen, when the plati- 
num is heated, a beautiful play of blue light upon the surface 
€X the lead, becoming highly iridescent before it melts. 

15. Experiments on Rock-Crystal and GUmce-Coal exposed to 
the Heait of the JUoy of Tin and P2afjni^tii.— When rock-cry- 
stal in powder is wrapt up in tin and platinum fcnl, and melted 
as in Fox'^s experiment, the fracture of the alloy is closer grain- 
ed and has less lustre, than when the metals are melted by 
themselves: the combination of part oS the silica perhaps occa- 
sions this difference of fracture. When a small piece of rock- 
crystal is heated in this way, there is an appearance of fuaon 
on its surface. There is no appearance of fusion in glance-coal 
when heated in this manner, but it becomes so hard as to scratch 
glass, Dr Clarke heated plumbago with the gas blowpipe, and 
minute globules of transparent glass were formed on the sur- 
face; but since plumbago contains iron, it would have been 
better to have tried glance-coal, as it seems very refractory, and 
as most other substances have yielded to the gas blowpipe. If 
heated in the air, it would likely be dissipated ; but it might be 
kept in a globule of platinum in fusion, and it would be seen 
whether it melted with this heat, or to what degree of hardness 
it was brought. 

16. Boracic Add found in the Crater of Vokano.'^M, Lucas 
Junior has announced, that he has discovered, among the saline 

concretions which cover the sides and the ground of the crater of 
Vulcano, a scaly and pearly crust, which, from its bitter taste, 
appeared to him to be boracic €Lcid, This idea was completely 
confirmed by the experiments of D. Gioachino-Arrosto, a well 
informed chemist in ~~ ina. Ann, de Chim. et de Phys. 
^Ot^* xi. p. 44. 

' 17. Improvement Ipe.^-^li has been announ- 

^^ in the Journal d jily 1819, that M. Betie- 
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lius has suggeited a safety tube, 611ed to the thickoess of two 
inches with rircular pieces of fine wire-gauze, which was suc- 
cessfully tried in liis presence by M. Barruel. This distinguish- 
ed chemist was not aware that the very same improvement wa« 
suggested and used by our eminent countryman Dr Hope, who 
exhibited it to the Royal Society of Edinburgh on the 5th of May 
1817. See Journal of the Royal Jjuillutiuri, vol. iii. p. 376. 

18. Purpuric Jdd. — In vol. i. p. 209, we have stated, that 
M. Vauqiieiin denies the existence of the purpuric add dis- 
covered by Dr Prout. There seems to be no doubt, however, 
that this acid exists, and Dr Prout has ascribed M. Vauquelin's 
want of success to his having operated upon an impure lithic 
acid. Dr Prout always employed pure lithic acid, prepared 
from the excrements of the Boa Conntrktor. In order to con- 
vince M. Vauquelin of his error, Dr Prout has transmitted to 
him a quantity of purpuric acid, puqiurate of ammonia, and 
pure lithic acid. 

19. Specific Gravity of the AUoy of Tin and Platinum. — The 
specific gravity of the alloy of tin and pladnum, used by one of 
our correspondents who repeated the experiments of Mr Fox 
(see vol. i. p. 416), was found by Mr Jardine to be 9-7; that 
of the platinum bring 21,0932, and that of the tin 7-308. 

20. EcOTiomical Scales for Thermometers. — The late Dr Pa- 
trick Wilson, Professor of Practical Astronomy in the Univer- 
sity of Glasgow, was remarkable for his great skill in the con- 
struction of thermometers. Such experimenters as happen now 
to possess any of them, value them highly. Many years ago, 
the writer of this notice heard the late Dr Moyse speak in tenns 
of great approbation of Dr Wilson's thermometers ; and men- 
tion as a remarkable fact, that notwithstanding their accuracy, 
the scales were generally engraved on paper. The Doctor could 
not conjecture by what contrivance the ingenious constructor 
could BO accurately fit his instrument to his scale, instead of 
following the common practice of adapting the scale to the in- 
strument- An opportunity afterwards occurred, of asking an 
explanation of the matter from Dr Wilson's son, tlien liring 
at Hampstead, (but who died about eight or ten years ago.) 
He stated, that his father had a variety of paper scales printed 
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from copperfdateE. From these, he selected one to stdt his 
thermometer nearly, but so as to have its division a little too 
near. This approximate scale lie stretched, by pasang it re- 
peatedly through a pair of steel rollers, until he got it at last to 
fit his insliumeiit with the requisite degree of accuracy. 



III. NATURAL HISTORY. 



I 

Hv 81- American Tourmalines. — Colonel Gibbs (tf New Yca-k, 
in SilliniaQ^s Journal, has given an interesting account of the 
discovery of green, red, aiid blue tourmaline, and of beryl, 
in a vein of felspar, which traverses a thick bed of granite, 
contained in mica-slate. The prisms of green tourmaline of- 
ten enclose prisms of red tourmaline ; and in some speci- 
mens there are three crystals of red tourmaline closely aggre^ 
gated together, and enclosed in one crystal of green tourma- 
line. In otlicr specimens, there are, in the ceotre of the green 
tourmaline, in place of the red touimaline, iron-pyrites. These 
tourmalines are often traversed by transverse rents which are 
filled with felspar. This appearance is not uncommon in the 
schorls and tourmalines of this country, and has been con- 
sidered as a proof of these crystals having been broken across 
by some mechanical force, and afterwards joined togetlier by the 
felspar. This opinion we consider erroneous, because the fel- 
spar which crosses the crysLils, is continuous with that which 
forms the mass of the granite ; and as all the parts of the gra- 
nite are of cotemporaneous formation, it follows that the tour- 
mahues and their intersecting veins are cotemporaneous. Some- 
times a thin layer of talc is contained between the outer and 
inner crystal. The largest crystal of red tourmaline found by 
Colonel Gibbs was one-fourth of an inch in diameter, and four 
inches long, and he remarked that they vary from translucent 
to semitransparent. 

92. Cave of Elc.phc 'le cave of Elephanta nearBoin- 

^y, as appears from -jssession of a gentleman in 

^ ;-«rerpool, is situate* il greenstone, which con- 

^^ *ris prismatoidal neol lie ruck of this cave has 
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been described as volcanic ; but the drcumatance of ils contain- 
ing prismatoidal zeolite, proves that it is a Neptunian i^ock of 
the secondary trap formation. 

28. JamesoiCs Minerahgy. — Professor Jameson has just pub- 
lished a new edition of his System of Mineralogy, in wliich mi- 
nerals are arranged according to their external characters, and 
in conformity witli the principles of the natural history metliod. 
Having now a system of mineralogy founded entirely on Ex- 
ternal characters, we sliall look anxiously for one according to 
Chemical principles. It does not api>ear possible to form a con- 
dstent arrangement by employing external and chemical charac- 
ters together. The method used in Professor Jameson's work, 
which is nearly that of Werner and Mohs, will form a depait- 
inent of the general system of Natural History, along with Bo- 
tany and Zoology ; while the chemical arrangement will fall to 
be considered as a branch of the general system of Chemistry. 

9i, Vitreous Quartzose tubes of the Scnner-Heath. — In the 
second volume of tlie Transactions of tlie Geological Society of 
London, there i* a particular description of vitreous quartzose 
tubes, about an inch and a half in diameter, and which sometimes 
descend 30 feet into the surrounding loose sand. The interior of 
these tubes appears to have been melted, and every circumstance 
of form and situation favours the inference of the member of the 
Society, that they have been produced by lightning. We 
have been lately favoured with a beautiful series of specimens 
of these tubes, collected at Irton by the original discoverer of 
tbem, E. L. Irton, Esq. of Irtonhall, Cumberland, and find, 
that they arc of precisely the same nature as those which have 
been lately discovereil in the Senner-heath in Germany. The 
vitreous tubes of the Senncr-heatli nre situated in loose sand, 
liave an inconsiderable diameter, but a length of from twenty to 
thirty feet, and their interior is slaggy and vitreous-Uke. 

25. Ceognostkal S'ltuaHon of Topaz in the vicinity of YiUa 
Mica in Brazil. — The topaz mines are situated in chlorite- slate, 
which appears to rest on a sandstone of the primitive class. 
The topaz is said to occur in regular crystals, or in angidar 
masses, or nests of lithomarge, along with rock-crystal. 

26. Mineral Tichea of tke Capitania of Minos Geraes in 
.Bni*i/.— Probably no country in the world affords so much 
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tron-ore as the district just menUcmed. Magnetic in)iM)ie» iroa- 
glance^ and compact day iron-ore, occur not only in beds and 
veins, but forming whole hills and ranges of hills. In the same 
country there are repoatories of ores of mercury, copper^ tin, 
platina, lead, zinc, bismuth, and cobalt. 

£7. Jrmual quofiUfy of SaU rmind frmm As bomeb ff A^ 
Earth in Europe. — It would appear from a cansful exaipinatioiB. 
of the most accurate returns, that the European salt-mines, and. 
salt-springs aSard annually from 25 to 30 millions of hundiecL 
weights of salt 

28. Tiianiiic Irofi^4)re noi confined to Vokanic Z>t«lrtcl«.<— 
Dr Thomson, in the second volume o£ the Wemerian Memoirs, 
gives an account of a variety of magnetic iron^re from the pri- 
mitive rocks of Greenland, which contains titanium. More 
lately M. Robiquet has found this metal in the octahedral 
magnetic iron-ore, imbedded in the steatite rocks of Corsica. 
These facts prove, in oppodtion to the opinion of Cordier, 
that titanitic iron is not confined to volcanic rocks. 

99. Septa colour from Peat. — The stagnant water in peat- 
bogs afPords, on evapcHration,^ substance which affords a colour 
equal to that of the sepia. 

ZOOLOGY. 

80. Spines on the Wings of Birds. — Several tribes of birds 
are particularly distinguished by the spines that grow from 
their wings ; the genera Parra, Palamedea, Struthio, and many 
Passerine birds are of this description. It has also been re- 
marked by omitholo^sts here, that the winglets of the RaUus 
aquaticus are provided with spines, about the eighth of an inch 
in length. 

, 31. Patella distorta of Jfon^t^.— -This rare British shell 
was first described by Miiller, under the name Patella anomala. 
Poli afterwards examined it more particularly, and very pro- 
perly considered it as constituting a new genus, to which he gave 
the name Criopus, Lamarck agrees with Poli in conddering it 
as a member of a new genus, denominated in bis system Orbi- 
cule. It has been lately found in Shetland by Dr Hibbert and 
Dr Fleming. 

dS. Marine and River MoUusca in the Gulf of Livonia,''^ 
The saltness of the aea-water is so inconsiderable in the Gulf 
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of Livonia, that fresh and salt vater mollusoous animals live 
toother promise iiou sly on the same coasts. M. Freminville 
informed the Pliilomnlhic Society of Paris, that he collected 
from the same rocks species of the fresh-water genera Anodontes, 
Unio, and Cycladep, which were intermixed with species of the 
marine genera Tellinai Cardlum, and Venus. 

33. Sitk of the Pinnn Marina. — The pinna shell occurs on 
the Neapolitan coast, particularly on the shores of Calabria, and 
affords a kind of silk, which, after dressing, is wove with com- 
mon silk, and made into various arlicles of dress. A pair of 
mens gloves cost 13 carlinis, — womens gloves 18, — pair of 
stockings 6 ducats, — waistcoat 30, and coat 100 ducats. 

34. Lepui variaUlli or varying Hare, — This species of hare 
occurs in the alpine districts of Scotland, seldom descends to 
the low country, and never intermixes with the common hare. 
In the north of Europe, there is a species said to be the same 
with our varying hare, but it differs from it in being larger, 
living in pl^ns, and migraling in troops. The varying hare 
becomes white in winter. This remarkable change takes place 
in the following manner : Almut the middle of September the 
grey feet begin to be white, and before the month ends, all the 
four feet are white, and the ears and muzzle are of a brighter 
colour. The white colour gradually ascends the legs and thighs, 
and we observe under the grey hair whitish spots, which continue 
to increase till the end of October, but still the back continues of 
a grey colour, while the eye-brows and ears are nearly white. 
Prom this period the change of colour advances very rapidly, and 
by the middle of November, the whole fur, with the exception 
of the tips of the ears, which remain black, is of a line shining 
white. The back becomes white within eight days. During 
the whole of this remarkable change in the fur, no hair falls 
from the animal : hence it appears, that the hair actually changes 
its colour, and that there is no renewal of it. The fur n 
white colour until the month of March, or even later, depend- 
ing on the temperature of the atmosphere, and by die middle 
of May it has again a grey colour. But the spring change is 
different from the winter, as the hair is completely shed. 

SS. Canary-Bird wiikoui Featiiers.—ll is generally suppos- 
ed that birds cannot live without feathers, or that they linger 
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out a miserable existcDce fur a i'ev days or weeks, 'lliis, how 
, does not appear to be true ; for we find it stated i 

Idetnoirs of the Society of Natural History of Wetterau, thi 
I a Mr Scha;pf of Gotlorf, reared a i'eatlierless canary-bird, w^iiiml 
I continued living and in good liealth (or upn-ards of lliree yeanff 



36, New Siliceous grass. — In the hills between llie Circ 
and the Nagpore country, a kind of jungle grass occurs in g 
abundance, in the joints of which a very perject siliceout d 

I is found. Dr Hoxburgh makes no mention of it. This cunouj 
fact is cont^ned in a letter from Dr Moore to Dr Kennedy a 
Edinburgh, 

37. GcrmifuUion of the Mnsci. — Mr James Dnimmond, ^Il4 
perintendant of tlie Botanic Garden at Cork, has lately madf V 
BDme very curious and important observations on the germim^l 
tion of mosses, lie has succeeded in tracing the progress f 
the seed of nearly thirty species. The opinion of Linniei 

I that the capsules of mosses were only anthera^ filled with poller 
' was properly rejected by Hedwig, but has been revived 1 
Bcauvois: the question may now be regarded as finally settlec 
for in Mr Druiiimond's experiments, the powder from the c 
I sulcs never failed to germinate ; and he uniformly obtained tJ 
■anie Bpecies of moss from which the capsides had been takei 
He tried the seeds, both in earth and in water. In the formel 
case, he previously torrilied the earth, so as to exclude the pOM 
sbility of other minute seeds existing ui it in a state fi 
fetation: the earth having been thus rigorously purified, WM 
h put into garden-pots ; these, again, were covered closely wifl 
P vmoll bell-glasses, and moisture was cummunieated to the potg 
I by placing them in water that had been btiiled. In the oth 
«ase, he sowed the seeds on the sui-face of rain-water, and kej 
tfie vessel carefully covered. In the water, the gcrminatiot^ 
proceeded with great rapidity, being wsible the second or thirq 
day, when examined with the compound microscope. 
Drummond foi'tw) that the seeds of all the different kinds q 
mosses prodi ^milar articulated filaments. Th«i 

I Bedwig rega "-ns, and Sprengel as minute ( 

^ ^vffi : llicy 1 her cotyledons nor confervSBj buQ 
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gerniinating expaiisioas of the seed itself, somewhat analogous 
to what is called tlie spawn of mushrooms. On the moist earth 
the process of germinaliou is more slow : in a fortnight, how- 
ever, the surface of the pots is covered with a substance resem- 
bling green velvet ; and in about three weeks, the proper leaves 
be^ to appear. It lias long bceit suspected, that many of the 
small confervffi would require to be expunged from botanical 
lists ; Mr Drummond's experiments will hasten this result : the 
well-known Byssus velutlna, he ascertained to be nothing else 
than Polytrichum aioides in the first stage of vegeladon. A 
full account of Mr Drummond's curious and important obser- 
vations will probably apjjcar in the next volume of the Transac- 
tions of the Linnean Society. 

IV. GENERAL SCIENCE. 

38. George Bidikr.—Tlus wonderful boy, who is only thk- 
teen years old, and is well knoivn for the slnffular faculty of 
performmg in his mind the most complex and difficult arithme- 
tical computations, arrived some weeks ago in Edinburgh for the 
purpose of exhibition. It occurred to a public- spin led indivi- 
dual, Henry Jardine, Esq. to wboEe benevolence and enhghtencd 
zeal most of the charitable and scientliic institutions of ibis city 
have been under great obligations, that it would be highly de- 
arable to rescue this interesting boy from being the subject of 
a public show ; and having obtain.ed his father's consent, he set 
on foot a subscription for providing him with tlie means of main- 
tenance and education for .some of the learned professions. The 
progress of his mind will be watclied by some of the members 
of the Iloyal Society and the University. We shall be happy 
to be the channel of conveying to Mr Jardine the subscription* 
of gentlemen not resident in Edinburgh ; and we trust, that the 
friends of science in England and Ireland will contribute to 
promote this benevolent and useful scheme. 

39. New Society of Arts in Edinburgh. — We understand 
that several gentlemen in Edinburgh have been occupied for a 
considerable time in establishing a Society for the Promotion of 
the Meclianical and Useful Arts in Scodand, for rewarding in- 
ventions of public utility, and disseminating useful knowledge 
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among the industrious classes of society. A leadi 

tlie Society will be to eruct a lia!l lor deposiling instrumenm 

and models of machinery of all kinds. 

40. Method of taking ImpTcss'ions of Gems and Seats t 
SheU-lac.—r'Take a piece of mica, and put some lac upon i 

I ^old it over the liiv till the lac is softened, which must then b 
I ^ead evenly over the mica : on the surlace of the lac ] 
piece of gold-Jeaf or coloured foil, about the size of the impre 
cdou to be taken ; and cover this also with a thin layer of 1 
must now be softened at the fire, and the impression takei 
with sealing-woK. The fac takes a very sharp impresaon ; . 
the reflection from the gold-leaf gives the figures a fine re 
The mica is convenient for melting the lac upon, and the 
presston easily separates i'rom it, leaving the back with a fine 
shining surface, and beautiful iridescent colours, occasioned by 
a tliin plate of the mica adhering to the lac. The some piece 
gf mica may be used for many impressions. In softening lit 
i Wt the beat should not be so strong as to make air-bubbles r 
as it is difficult lo get quit of them again. 

41. Glass from Straw. — Wheat straw may be melted into ^ 
colourless glass with the blowpipe, without any addition, 
ley straw melts into a glass of a topaz-yellow colour. 

4'^. Eicperhnenls on the Colour of Minerals. — The YeBt 
Carnelian may be changed into a fine red, by exposing it in I 
crucible with sand to a heat under redness. In India, ' 
stones are put into an earthen-pot, and covered with ax inchei 
of dry goal's dung: fire is then applied; and in twelve hoiu 
the pots are sufficiently cool to be removed." Black Rotk-cryi^k 
tal may be made quite colourless by heat. Some specimeni 
may be obtained of a yellow colour by not continuing the 
too long. The colour of the Amethyst may be taken away by 
a moderate heat : if tlie heat be increased, it becomes white 
opalescent. The amethyst is more apt to crack with the heal^ 
than rock-crystal. The Beryl is changed with a moderate heat 
to a light blue : '<j heat is raised, it becomes like mother- 

of-jJcaVl. The 'le same kindof pearlylustrewhea 

heated. The '•rysuberyl is not altered with 

red heat. Or t Diamond of an amber colour 
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to the flame of the gas blowpipe : it became coltHirless ami 
transparent; by continuing the heat it became white and opaque, 
and was volatilised. Blue Fluorspar changes to a kiutl tjf I'eil 
when heated, and when the lieat is raised, it is often rendered 
Golourless. 

43. Effect of Heat an Obsidian. — A specimen of obsidian 
from the Island of Ascetiaon, with blue veins in it, when ex- 
posed to a red heat, discharged air-bubbles from the veins more 
tibandantly than from other parts of tlic mineral. 

44. Bottle thrown ovt of the Imljtlla.—Tiie bottle No. 2. 
thrown overboard by Captain J. Ross of his Majesty's ship Isa^ 
bella, on the 3d June 1818, lat. 65° 10' N. long. 54= 10' W. 
off Greenland, to ascertain the direction of the current in Davis' 
Straits, was found by one of ijie servants of A. Macdonald, Esq. 
at Balranald, North Uist, on the 17th of July last, and the pa- 
per inclosed in it quite dry ; so that it was 13 months and 14 
days on its passage. The latitude of Balranald is about 5TS.(y 
north. The paper has been transmitted to the Admiralty. 

45. Earthquake at Lisbon on the 2rf February 1816, — 
The earthquake which was experienced at Lisbon on the 2d 
February 1816, at O' 4' in tlie moraing, and agaJn at 6" f in 
the evening, was felt by the Mnrqvis de An^eja, a Portuguese 
vessel bound from Bengal to Lisbon, at 0" 46' (the time being 
reduced to that at Lisbon) and in lat. 34" 15' N. and long, 
16° 10' W. from Lisbon. The vessel was therefore 270 leagues 
W. S. W, of Lisbon. The same earthquake was experienced 
on board another vessel bound from Brazil to Portugal, at 0^ 42' 
(time at Lisbon), and again at 3* 40' in lat-SB'SC N. aiid6"52' 
W. of Lisbon. The vessel was therefore 190 leagues W. S. W. 
from that city. The same ship again felt the shock at 5* ST. 
The first shock was therefore felt at tlie same instant nearly at 
three places very remote from one another. Tlie same earth- 
quake was said to have been fell in Af adeira and Holland. Ann. 
de Chtm. et de Pbj/s. tom. xi. p. 32S. 

46. Expedition overland from FludsarCs Bay to ike Sliores 
^Ae Arctic Ocean. — The ex)>editLon intended to examine the 
American shores of the Arctic Ocean, reached York Fort ia 
Hudion's Bay on the Slst August, after having nearly suffer- 
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ed sliipwreck in Hiidson'a Straits, Tlie party proposed to leaTe 
York Fort ibr the interior on the 9th September. From want 
of previous arrangement in Hudson's Eay, however, the journey 
wiL occupy a longer time than was calculated upon. We are of 
opinion, that if intelligence had been sent out to York Factory, 
the party might have remained in London until March next, 
and then, by way of Canada, would have got up as fur as they 
will be able to go next summer, 

47- UtU'iiy of the Marine Boromeler, or Ike Sympiesometer, 
in indicatittg approaching Storms, — The correspondent (Mr 
Stevenson, civil engineer) to whom we are indebted for the no- 
tice regarding the Scotch Fisheries, inserted in this number, 
(p. 129) informs us, that having occasion, towards the conclu- 
sion of his voyage, in the beginning of September last, to visit 
the Isle of Man, he beheld the interesting spectacle of about 
three hundred large fishing-boats, each from fifteen to twenty 
tons burden, leaving their various harbours at that island in an 
apparently fine afternoon, and standing directly out to sea, with 
the intention of prosecuting the fishery under night. He at the 
same time remarked, that both the common marine barometer, 
and Adic's sympiesonieler, which were in the cabin of his ve&- 
ael, indicated an approaching change of weather, the mercury 
falling to 29.5 inches. It became painful, therefore, to witness 
the scene ; more than a thousand industrious fishermen, lulled 
to security by the fineness of the day, scattering their little barks 
over the face of the ocean, and thus rushing forward to immi- 
nent danger, or pnjbable destruction. At sunset, accordingly, 
the sky became cloudy and threatening ; and in the course of the 
night it blew a very hard gale, which afterwards continued for 
three days successively. This gale completely dispersed the 
fleets of boats, and it was not witliout the utmost difficulty that 
many of them reached the various creeks of the island. It is 
believed no Uves were lost on this occaaon ; but the boats were 
damaged, much tackle was destroyed, and the men were unne- 
cessarily exposeil to danger and fatigue. During the same 
storm, it may I— — ifrked, thirteen vessels were eilher totally 
lost or strand ' •: Isle of Anglesey and St Bees Head 

in Lancashiri 1 remarks how nmch it is to be |Cfl 
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marine of Great Briljuo, compared with the trading vessels of 
HcJland; and observes, tJiat though the camition mannc barome- 
ter is perhaps too cumbersome for ihe oniinary run of fishing 
and coasting vessels, yet Adie's sympiesomeler is so extremely 
portable, that it might be carried even in a Manx Iwat Each 
lot of such vessels has a commodore, under whose orders the fleet 
sails ; it would therefore be a most desirable tiling, that a sym- 
piesometer should be attached to each commodore's boat, from 
which a preconcerted signal of an expected gale or change of 
weather, as indicated by the sympiesometer, could easily be 
^ven. 

48. On the Employment of Steam- Vessels for distant Voy- 
ages. — As the application of steam to vessels crossing the At- 
lantic, or navigating to distant regions, is a subject of great im- 
portance, we have pleasure in recording the following obser- 
vations by an intelligent correspondent, on the American steam- 
vessel the Savannah. Some account of this ship has appeared 
in most of the newspapers, and in some periodical works; but 
as the statements that we have seeu speak altogether in favourable 
terms of this application of steam, it is only proper that the dis- 
advantages of it should also be known. 

The Savannah steam-ship, Captiun Rogers, arrived at Liver- 
pool on the 20th June last, ai\er a passage from land to land of 
twenty-one days. The steam-engine was in use during eighteen 
days of the passage ; which, being calculated to bear twenty 
inches of steam, operated, in moderate weather, with good effect. 
This vessel, though of 350 torn burden, is only calculated for 
carrying passengers; the whole hold being requisite for the 
stowage of coals sufficient for a twenty days passage. She is 
fitted up in a superior style, and lias thirty-two state-rooms; 
the accommodation for ladies, wliich is in an after cabin, is very 
private. 

The steam-apparatus in ibe Savannah occupies the greater 
part of the hold from tlie main-mast to the fore-mast; leaving 
only a small space in each side suitable for carrying coals. The 
en^e is well finished, and the machinery neatly disposed. The 
water-wheels are affixed to a cast-iron axle-tree, passing ihrou^ 
the sides of the vessel above the bends, which is incapable of 
motion in any direction, excepting that necessary for turning 
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the watcr-wheels ; but the water-wheels themselves are capable of 
being taken to pieces, and removed in bad weadier, all except- 
ing two principal arms of each, which being of cast-metal, and 
securely fastened, are placed in a horizontal position in high 
seas, and are protluctive of little inconvenience. What renders 
this experiment unfavourable to the apphcation of steam to ves- 
sels trading to distant countries, is the immense consuinplion of 
coals, and the occui)ation of the whole of the stowage in the hold 
by the requisite coals and machinery. Hence there is no room 
lefi in the vessel but the 'tween-decks, for the cargo. Besides, 
the expence of coals only, which amounts to ten tons per day, 
(omitting the value of the machinery, and the loss of stowage), 
b more than projwrlionatc to the advantage gained in the pas- 
sage. The engine is of little service, excepting In moderate 
in calm weather. In a fresh breeze, when favourable, a sul 
cient velocity is ohtmned without it ; and when unfavourabli 
is incapable of driving the sliip agmnst the wind. 
It seems probable, therefore, that for general purposes, steam 
Tvill not be found applicable as a power for propelling ships 
across extensive seas ; being principally confined in its use to ves- 
sels carrying passengers. 

49. Plants imprcgiiaied •with Carbonate afh^me mulal-en^ 
1 Corai. — Captains Vancouver and Flinders, and M. Peron, 

served on tlie shores of New Holland, at considerable hi 
' above the level of the sea, arborescent calcareous productii 

' which appeared to them to be altered organic bfxiies, Vant 

I ver and FUnders considered them as corals, and from their 

I curring high above the present level of the sea, around Nt 

Holland, inferred that the level of tlie ocean must have sunltt' 
Peron says they are atlier corals, or vegetables incrusted with 
calcareous matter. Mr Clarke Abel met with similar appearan- 
ces near Simon's Town, at the Cape of Good Hope, and has pro- 
ved that these arborescent coral-like bodies are not coral, but 
] vegetables impregnated wi til carbonate of lime. We recommend 

\< the perusal of Mr Abefs account, from page SOS. to page 3i 

I of his " Narrative of a Journey in the Interior of China,* 

our readers. 
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50. Wineyrom the Arbutus uiiedo. — In the Island of Corsi- 
ca an agreeable wine b prepared from the berries of this plant. 

51. Map of Iceland. — The Danish Government has resu- 
med the trigonometrical and hydrographical survey of Iceland, 
which had been interrupted during the war. It is proposed to 
publish the map in seven sheets; three sheets we understand are 
already published. The care of the publication is committed to 
Admiral Lowentirn. 

52. Ckarln of the Baltic. —Of late years tlie Swedes have 
been much occupied in hydrographical investigations. Much 
has been done under the direction of that excellent officer Ad- 
miral Khnt; and lately, under his superinlcndence, there has 
been executed a series of charts of the Baltic, which are by far 
the most accurate hitherto laid before the public. The Danes 
remark of the English cliarts of the Baltic, with what justice we 
know not, that they are beautifully engraved, but very inaccu- 
rate. 

63. Greatest Waterfall in Europe discovered in Lapland.^ 
In the mineralogical report of Lapland presented to the Swedish 
Government, amongst other curiousi facts, the discovery of a 
great waterfall in the River Lulea is particularly mentioned. 
It ia said In be one-eight of a mile* broad, and at its greatest 
height to fall 400 feet perpendicular. 



AitT. 'K'KKWUI.—ListqfPiitcjitsg-ranted in Scotland since 
Wth September 1819. 

18. J. O James Ingledew, late of Little College Street, 
Westminster, now of White Street, Southwark, in the county of 
Surry, for his invention of '* the means of effecting a saving in 
the consumption of the ordinary articles of Fuel, by the appli- 
cation of certain well-known materials hitherto unused for that 
purpose.'" Sealed at Edinburgh, 23d September 1819. 

19. To James BntsTow Fbaseb of Blackburn House in the 
County of Linlithgow, North Britain, for his invention " of cer- 
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lain Improvements in the application of machinery for Propel- 
ling Ships or other Vessels floating on Water, by means ot" an 
Hydraulic Apparatus, acted upon by a Steam-engine, or other 
adequate power." Sealed at Edinburgh 19th October 1819. 

SO. To JoEU SiNCLAlu, manufacturer in Edinburgh, for 
his invention " of an Improvement in the manufacture of 
Shawls, Plaids, Scarfs, Handkerchiefs, Grown-pieces, and other 
articles with which coloiiretl threads are wrought into flowers 
and other fancy figures, in the process of weaving, whether the 
said articles are made of Silk, Cotton, W^orstcd Lint, Hemp, 
or other materials, or mixtures thereof." Sealed at Edinburgh 
10th November 1819. 

21. To William Good of Bridport Harbour, within the 
parish of Symondsbury, in the county of Dorset, ship-builder, 
for his invention of " an Improvement in the art of tanning 
Hides and Skins, and barkbig or colouring Nets, Sails and other 
Articles, by the application of well-known materials hitherto 
unused for that purpose," Sealed at Edinburgh, 20lh No- 
vember 1819. 

SS. To John Taylor of Bury Court, Saint Mary Axe, 
London, Engineer, for his invention of " a mode or means of 
producing Gas to be used for tlie purpose of aflbrdiiig Light." 
Sealed at Edinburgh, gOth November 1819. 

28. To Robert Copland of Liverpool, in the county of 
Lancaster, merchant, for his invention of " a new and improved 
Method or Methods of gaining power by new or improved 
Combinations of Apparatus applicable to various purposes." 
Sealed at Edinburgh, 20th November 1819. 

24. To Chaei.es Attwood of Bridge Street, Blaclifrjars, 
London, for his invention of " A mode or modes of manufac- 
turing Minei-al Alkali and Vegetable Alkali, and die aj)phca- 
tion thereof, (so far as relates to Mineral Alkali), by way of im- 
provement on, or addition to, other modes heretofore known or 
in use, but more particularly in die manufacture of £elp.^ 
Sealed at Edinburgh, 10th Decemlier 1819. 

25. Tc " 'NDRY, EiiWAKD Neave and Gbqkge 
Neave, I 1, county of Dorset, for their invention 
of *' an ariuus Gases or Vapours to certm 
useful pui at Edinburgh 10th December 1S19> 
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Art. i.—On Peat. By John MacCui.i.ocii, M. D. M. G. S. 
Lecturer on Chemistry to the Board of Ordnance, &c. Com- 
municated by the Author. (Concluded from Page 59.) 

XN describing the natural solution of Peat in water, a few of 
ka chemical qualities were necessarily mentioned. Those which 
rcmain to be noticed are of little or no moment in a practical 
view, nor are they such as to throw much light on the chemical 
nature of this substance, or on that of the process by which ve- 
getable matter is converted into peat. Alcohol, ether, and the 
alkaline lixivia, extract from it a brown matter, analogous to, or 
identical with, that which has already been described as capable 
of being dissolved by water. On evaporating the two former 
fluids, tliis matter is obtained in a solid form, but, in the latter 
case, it combines with the alkali, bo as to Ibrm a saponaceous 
compound, analogous to that which is produced by dissolving 
bistre or wood-tar in the same solutions. It is unnecessary to 
dcsctibe tlie results obtained from the action of the essential 
luls, ammonia, or the mineral acids ; as they are either analo. 
gous to the former, or resemble those which the same substances 
produce with unchanged vegetable matter, and throw no light 
on the subject. 

The object to be kept in view in the chemical examination of 
peat, is to determine the nature of the change which has taken 
place between the destruction of the vegetable organization, and 
the conversion of its substa,nce into this new compound. It is 
more particularly interesting, to discover in what respect peat 
ipproficbes to the bitimiens, or rather to the bituminated lig- 
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nites ; ance^ through this latter stage, it must pass in its tran- 
sition from the vegetable to the mineral class of substances. 
This question is more or less remotely connected with a very in- 
teresting trmn of geological inquiries. Feat has in fact been 
confounded with the bituminated vegetables, and has been sup- 
posed to derive its inflammable quality from the formation of 
bitumen during the process by which it has been generated. It 
will, however, be found, on a more strict investigation, that 
there is an essential distinction between conunon peat and bitu* 
minized wood, and that even when it does show some of the cha- 
racteristic marks of the bitumens, the d^ee in which it has un- 
dergone this change is very limited. The Ince peat of Lanca- 
shire appears unquestionably to be accidentally penetrated by 
petroleum, derived from the usual source of a bituminous 
qpring. 

Although in a practical view, therefore, peat may be eanaa- 
dered as an indefinite substance, and ia a state of transition to 
bituminized vegetable matter, it is convenient for the p'esent 
purpose to divide the process from the death of the vegetable 
to its bituminization, into two stages. The first of these com- 
prises the change into mere peat, in which no traces of bitumen 
can be discovered, and the last may be conceived to extend 
from the time at which it first g^ves traces of this substanoe, to 
that in which the characters of peat have been replaced by those 
of bituminized wood. It will shortly be seen, that we are in 
possession of chemical means, by which pure bitumen can be 
distinguished from pure peat, or from that substance which 
constitutes its essence ; and the application of the same powers 
enables us, although less perfectly, to distinguish that state to 
which alone the name of Peat should, for the sake of accuracy, 
be applied, from that in which the process of bituminization has 
commenced. 

The powers of chemical analysis are as yet so limited, that 
we have no means of examining directly the differences of the 
various substances which are found throughout the whole of 
these chanf '.he simple vegetable matter downwards ; or, 

at least, th are obtained &om the applicati<m of 

these mean md unsatisfactory. But conaiderBble 

light may ^ subject^ by that operation former- 
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ly oonadered as an analysis, namely, the application c^ heat in 
doae vessels, or destructive distillation. By conducting this 
pooess in the usual rude manner, there are obtained a set of 
new compounds, together with a portion of the elementary con- 
stituents from which these compounds, and the ori^al subject^ 
are formed. With more care, a new set of compounds alone 
are obtained,' and, in either case, these are again capable of be* 
ing subjected to a new analyus, so as to furnish, in a sufficient* 
ly accurate manner, the required information. It is unnecessa- 
ry Tor the purposerof this paper, to enter into any minute de* 
tails on this subject, but it will be sufficient to state, that by ex- 
amining the various nature and proportions of these oompoundB» 
as they are obtained from the different matenals, or, if necessa- 
ry, by again deocHuposing them into their elements, the propor- 
tions of these elements, under different circumstances, may be 
obtained with sufficient accuracy for the objects in view. Thus 
ik^ progress of change in the vegetable matter, may be traced 
by the gradation in these proportions during the progress of 
that change ; and thus also certain useful analogies may be dis- 
oovered between peat under all its forms, and other compounds 
wludh differ from it rather in thdr mechanical than in their che- 
mical nature. 

If fresh vegetable matter, (and it is here most conveni^at to 
ooonder the ligneous substance), be subjected to distillation by a 
naked fire, certain volatile products are obtained, and char« 
coal remains behind. The chief of these volatile products are 
Tar *, a volatile oil, and acetic acid. A varying proportion of 

* I have givtn to this tubetance the name of Tar, because that name is so ap- 
plied in the charcoal manufactories, where it is obtained in considerable quanti^* 
The tar used for naval purposes, being always procured from, fir by a similar ptD« 
cess, is a compound of this substance and the turpentine of that tree. In the 
same mamier the term of Pitch will here be applied to the solid material remafai- 
iqff ahfg a gentie distillation of this tar ; nautical pitch being a compound of com« 
mon resin and this s\ibstaace. The oil of turpentine, together with the oil of the 
wpod. Is separated in this latter case, as the oil of wood alone is in the fornix. I 
vm here refer the reader to a paper in the second volume of the Geological 
T^sactioas, in which the subject has been examined in some detail with other 
viffws. 

The pitch, in a certain state of hardnes-s is the Bistre of artists, on which 
some remarks will also be found in the same paj>cr. 

08 
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ammonia, oflen very nimute, ig also found, and ihie, as might 
be t'Kpected, is combined with the acid. When the process is 
irregularly conducted, a sctxind process is carried on together 
with tlie first, and the new conipouuds become partially decom- 
posed. Thns there is produced a gaseous substance, which is 
either hydrocarbonic gas, containing various proportions ofcaT' 
I»D, or else a mixture of that gas and carbonic oxide. At 
times, according to the mode in which the process has been con- 
ducted, DO essential oil i» obtained, the whole of it being decom- 
ixwed as fast as it is fornnd, and recompoiinded into tite hydrfr- 
carbonic gas. But it may be procured by redistilling the tar, 
which thus becomes sejiarated by a furdier decomposition into 
essential oil, pitch, and a fresh proportion of acetic acid, always 
holding, from its strong affinity to that substance, a portion of 
the iiiflaimnable compound in solution. The pitch, by continu- 
ing this process, at length loses its character, and becomes a 
brown or black friable mass, but still continues to give over yo- 
' Intile inHammable matter and acid, until it is finally reduced to 
the state of charcoal. Finally, it gives over hydrogen only, and 
acquires an extreme degree of hardness, as ordinary charcoal 
does in tlie same case, becoming also unsusceptible of further 
change. It may be remarked, that as the tar becomes pitcliy, 
the essential oil, which was ori^ally pole, and at fii«t nearly 
oolourless, becomes gradually darker, and that the volatile pro. 
duct of tlie solid pitch is not oil but tar, which is, however, ca- 
pable of being decomposed in a similar manner by a repetition 
of the same treatment. It is obvious, that this is the conse^ 
quence of the greater heat required in this esse, to effect die se- 
paration of the volatile product. 

In reconsidering the consequences of thus pushing the process 
to Tts extremity, it is apparent that the whole vegetable matter 
is OK may, by t'urtlter analysis of the acetic acid and the amoKv 
nia, be resolved into carbon, hydrc^en, oxygen, and azote; 
that the proportions of these might, by a more laborious and ac- 
curate anaiy«B, be discovered, and that they may be conjectured 
with sulGcien for the purposes now in view, by attend- 

ing to the se> is in which these compounds are a 

ttHced. 



:j 
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In stating ih4?Be results, I have neglected to notiee the fixed 
salts and earths which remain after the incineration ot' the char- 
coal, as ttey arc not essential to the present inquiry. That I 
may not return to tliis subject, I wiK here remark, that, in pure 
peat, their nature and proportion will depend on the nature of 
the vegetables from which it has been generated, and that whiia 
pota^, for cTcampIe, may be found in the peat of submerged 
wood, silica will occur in tliat produced from gramineous vege- 
tables. But as alluvial earths are frequently mixed with peat, 
the earthy residuum of this substance is generally in greater 
abundance, and often indeed amounts lo a considerable quanti- 
ty. Agriculturists may hence judge how httle advaatageis to 
be derived from peal-ashes as a manure, unless in those cases 
where a considerable quantity of burnt clay iias been produced 
by the operation. 

If imperfect peat be now subjected to the same operations, 
the same results are produced, but the proportions of the diffe- 
rent products wilJ be found to differ. In tlie first stages of tha 
decomposition of plants, these dift'ercnces are not very sensible, 
but thev become gradually more so, as the peat subjected to es- 
amination is more perfect. When perfect peat, not yet entered 
on the stage of biturainization, is thus examined, it will be 
found that the proportion of acid is sen^bly diminished, and 
that the more solid new compounds also bear a larger propor- 
tion to the more fluid. There are, in fact, produced more pitch 
and less essential oil, and consequently a larger quantity of char- 
cosl, in proportion to the volatile products, is obtained, in the 
distillation of peat, than in that of recent, or undccomposed v^ 
getables. Neglecting the azote in this case, it is therefore appa. 
rent, tliat the principal chemical change from vegetable matter 
to'peat cirasists in a dissipation of part of the hydrr^en and of 
the oxygen. But this is not the only change, as the solubility 
of peat in the various Huiils formerly enumerated, proves that 
a new combination has also taken place among some of the ele- 
meotB. This soluble matter is analogous to tliat which is pro- 
duced from the same elements by the action of fire, and is in 
both cases a compound of hydrogen and carbon principally. 
In the process, therefore, of convening vegetable matter into 
peat, the proportions of the original ingredients ore not onlj^ 
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W changed, hut the carbon and hydrogen enter to a certmn dc- 

I gree into a new combination together vilh a portion of the oxy- 

^^H gen, forming a compound analogous to tliat which results I'rom 
^^^b the action of fire. The action of air and water on vegetable 
^^^B matter ia theroforc similar to that of fire, but is botli much more 
^^^H tedious, and much less perfect, as the organization is never so 
^^^B thoroughly destroyed in the former as it is in the latter case. 
^^^P _ In the only exception in which the process of conversion seems 
^^^^ equally perfect, it is limited to a sraali proportion of the total bulk 
B of the material ; anil the pitchy matter already described as 

^P found in bogs, may be considered as a species of peat, of which 

r the nature is completi'd to such a degree, as to differ but in very 

trifling circumstances from the pitch or bistre produced by the 
, action of fire. 

I If the efl'ects of fire in a less degree on vegetabie matter be 

^ compared with those of water, the resemblance will still be appa- 

li rent, as was already noticed in describing the natural solubihty 

^^^^ of peat in water. From the incipient action of fire, vigctable 
^^H^ matter undergoes changes, by which the hydrocarbonaceous 
^r^ CMnpound becomes partiaUy soluble in water and in the other 
r solvents of peat, while acetic acid is also generated ; s por- 

tion of it being dissipated in vapour, and the remainder being 
fK^uble together with tlic brown matter ; a circumstance very 
I obvious in the familiar example formerly quoted, of the roast- 

I ing of coffee. Some differences, it is true, are apparent, in oon- 

k bnuing the comparison of tiiese processes, but they do not ap. 

^Bc pc^i* difEcult of explanation. Although the continued action of 

H^ heat produces more acid and more of the soluble hydrocarbo- 

^^ naccoua compound, these effects, in the operation of forming 

' pcat> diminish, or cease altogether, at a certain stage of the 

process. It must be considered, that the decomposition of the 
vegetable matter is in fact completed, as far as air and water 
can complete it, ajt an early stage, and that the remmndcr of 
I the change into solid peat is rather of a mechanical than a cho. 

h mical nature. The process is also far less perfect, and thus 

^^1 there is less acid produced; while that which is formed is car- 
^^^ ried away b* ■"t of water as fast as it is generated, so 

' as scarcely ti of examination ; or is entangled in the 

solid peat, » iger exposed to the action of water. 
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Even in this case, however, long maceration and heat still ex- 
tnM^t it. Another important remark on this subject was reserv- 
ed to this place. Wood-tar is highly soluble in acetic acid in 
all its states, and is also invariably mixed with a portion of 
fiee acid, which may be separated from it imperfectly by water, 
and mare completely by the alkaline solutions ; after eidier of 
which operations it becomes more pitchy and tenacious. When 
diis tar, therefore, appears to dissolve in water, it is in fact partly 
lirou^t into solution by the acid. It is evident how this fact 
qwrates m comparing the solubility of peat with that of wood- 
,tar; since the dissipation and final disappearance of the add 
from the former, must, in a corresponding degree, diminish the 
adiufaility of the hydrocarbonaceous compound. 

It does not appear that there are at present any further 
means of illustrating the chemical nature of pure peat, or the 
nature of the effects wliich arc produced on the matter of vcge* 
tablea by the action of air and water, as far as the generation 
of that substance in its simple state is concerned. At this 
pcuit also, the analogy between the effects of fire and of water 
afqsear to cease, since the application of the former agent has, 
in no direct experiment yet instituted for that purpose, produ- 
49ed the results which follow the ulterior action of the latter. 
These results are, the change from peat into lignite, through 
aU its stages, down to the bituminization of the vegetable' mat« 
ter as it is found, nearly, if not absolutely, perfected in jet. 

To illustrate this part of the subject, it is necessary to con- 
sider the distinction between the bituminous substances, and the 
hydrocsrbonaceous compound which constitutes the essence of 
peat, and to inquire by what tests the two can be distinguish? 
ed. A method of making tliis distinction is required for the 
purpose of ascertaining, if possible, the point at which the pro? 
oess of bituminization commences ; and, by the result of the 
inquiry, ilf will be seen, that there is an essential distinction b&* 
tifreea peat and the bitumimzed woods, and that whatever con- 
fusum may appear between the two, follows from the admixture 
of both which occurs in certain states of the progress. 

The OHnparison between bituminous wood and peat will be 
rendered most easy, and the actu4 distinctions made moire 
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P**riking, by sel«;IJng the Bimplcst and extreme caseB, n 
%j pladng in a paralkl light the several bituminous nubstai 

I ces and those produets of vegetable matter ahcaJy doscrilx 
which are analogous to peat, and are produced by the actiuQ'd 
fire. 

It will be EufTicient, in cunsiilering tlie bitumens, to enuis 
itate the three most prominent varieties, namely, asphaltum, ] 
(rolcum, and naphtha; the others may be considered as inte 
^iatc states or Biodifi cations of these. These substances are si 
rally anal<^otts to tlic jiitch, the tar, and tlie essential oil of w 
and the changes n'hicli they undergo on the application of hm 
ore in every respect similar. Thus, if petroleum be distillec 
is converted into naphtha and pitch, while the former, by a 
flaer application of heat, is decomposed, and lumisliea tiydi 
carbonic gas. The asphaltum, by distillation, ^ves out \ 
leum, becoming gradually friable, until at lenglli charcoal re- 
mans behind, as in the distillation of bistre. There is, more, 
over, in both cases, an uninten-upled transition from tlie essen- 
tial (nl to the charcoal. Thus naphtha, when of a brown co- 
lour, passes gradually into petroleum, as tlie oil ol' wood does 
into tar ; and thus, during the prolonged distillation, both of 
petroleum and of tar, tlie <wl gradually becomes thicker, while 
die matter in the retort, in bodi cases, becomes first tenacious, 
dien brittle, and lastly friable, when a further continuance of 
the heat at length converts it into charcoal. 

But, with this general analogy, there are important differen- 
ces in the two sets of substances, united to some chemical cha- 
racters common to both. There is, in the first place, a striking 
difference in the taste and smell, by which tliey can readily be 
distinguished ; while, even the mixtures of the two, can be ro. 
cognized by on union of the sensible quahties appertaining to 
l>oth. These differences are most remarkable in the more fiuitl 
varieties, but are sufficiently sensible in all. The action of al- 
cohol, of ether, acetic acid, the alkalies, and the mineral ocitls, 
on both these classes of substances, in a great measure resemble 
each other. Certain differences will nevertheless be found ; but 
it is unnecessB' * to enter minutely into die subject, as ibe 
detail is not T ' e purposes at present in view, 

jcaost rcmorki i iheir chemical rdaticHis ys t^e J| 
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loving. The eESential oil of wood does not unite with iiaphths^ 
and, for tliis reason, while the vcgetab]i^ tar and pitch are so- 
luble in that oil, they are not soluble in the latter floid. It 
^vxluces indeed a slight effect nt the boiling heat, but the dis- 
solved portion is nearly all deposited on cooling. On tiie other 
hand, the bitumens \inite readily among each other, and asphal- 
tum is perfectly soluble in naphtha, while they refuse to unite 
with the oil of wood. Naphtha offers, therefore, a eort of test 
by whidi the progress of bituminizatton can be discovered, if 
not with great nicety, yet sufficiently for the purposes required. 
The nature of the change by wh ich peat is converted Into bl- 
tutninized vegetable matter, or bgnitc, will also be best under- 
stood by examining the extreme case, or by comparing the cho- 
mical composition of the btlumens with that of the products ob- 
Ituned from vegetables by fire. This, in the present slate of 
chemical knowledge, can only be done in tlie former, as it was 
in the latter case, by comparing the nature and proporlions of 
the elements, as tlicy arc obtained, either simply or in new com- 
Innations, by the action of fire. A general account only of 
Iheee is here reqiured. It thus appears, in the first place, tfiat 
hydrogen and carbon form tlic bulk of the bituminous substan- 
ces, as they do of the vegetable products, since they are cliiefly 
converted into hydrocarbonic gas. But they yield a far inferior 
proportion of acetic acid, while the ammonia again appears is 
larger proportion ; whether from its being actually present in 
grealfir quantity, or rendered more sensible by the absence of 
the acid, has not been ascertained. For the present purposes, it 
is unnecessary to inquire more minutely into this part of the 
subject; and it is obvious, that the essential distinction between 
the latumens and the vegetable products, is the diflerent pro- 
portions in which oxygen enters into the two. In concluding 
these remarks on the chemical nature of all these substances, it 
is only necessary to observe, that an erroneous view has beea 
entertained of the process by wliich the fluid varieties are con- 
verted into the solid, in consequence of mere exposure to mr. 
As in the case of the conversion of oil of turpentine, first into 
common turpentine, and then into resin, this has been imagined 
to arise from the absorption of oxygen from the atmosphere. 
The result of their decomposition, however, shows that the real 
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change is a change of proportion between the hydrogen i 
carbon, which conftiliitc ihc chief part of their bulk ; and d 
tlic action of the atmosphere consists in dissiiratinfr, in a. mat 
not j-et understood, a porlion of the former substance, so a 
increase the relative (ninniily of carbon. Il is not, in fact, d 
milar in its effects to rhe action of fire. 

In attempting to apply ihis knowledge fi>r the purpose of* 
etinguishing peal from lignite, or of ascert^uning the pro 
of bituminizauon, it will be evident, that fnmi the identity « 
the products obtained by destructive distillation, and the diffi. 
cully of ascertaining min\ite differences in tJidr proportions, no 
Eatisfactory results can be derived from examining these prc^ 
lions, in cases where the change is incijiient, where, i 
tiiere is a mixture of pc.it and bituminized matter. In the fi 
Btagcs, the differences become more palpable, and in tlic ca^ of 
jet, which is the most perfivt of the lignites, dicy are abundant- 
ly Bcnable. Hut the lest of naphtha may be ap})lied to the Ofc- 
sminalion, either of tlic oil procured by the dislillalion of peat, 
in its progress to hi tumini nation, or to tliat obtained from the Bg- 
Mies. By means of this fluid, the mixed oil is separated; that 
vhich is produced from the peat or unchanged vegetable inal> 
tor bang rejecterl, ivhile tliat which proceeds from the bitumi- 
tuzcd vegetable matter is dissolveil. A tolerable conjecture can 
■flius be formed of the degree in which the progress of Intumim- 
Vation has taken place ; and, when considerable, it ia generally 
also sen^blc in the smetl of the oil, which resembles that [Hxidu. 
eed by mixing naphtha with the oil of wood. The pecidiar 
nnell which some peat gives in combustion, arises from this 
cause, attd indicates the commencement of bituminization. 

In tims examining the vaiiouu kinds of submerged v^etablc 
^Batter to which we have access, llic progress of bituminization 
^lay be trace*!, with little intcrniption, from peat, through sub- 
fnei^ed wood, brown coal, and siirturbrand, down to jet, the 
piost perfectly bitumini/ed substance still retaining its orgi 
tkm, with which ^ 
1 to consider as 
Hie contrary, 
taincd from 
subrncTf^cd p( 



acquainted. That which I have ciu)» 

n peat, gives no trrices of bitumen ; jel, on 

" "linutc indications of the products ob> 

retable matter. The stale of the 

itcresting example of the |c 
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of this change, Hincc tliey contain a. portion of bituminous mat- 
ter soluble in naphtha, and it is undoubted that they owe this 
change to the action of water. 

It' peat which has undergone a commencement of bituminizi- 
tion be distiHed, so as to separate the oil, it will be found that this 
is partially soluble in naphtha. Submerged wood, according to 
its condition, gives similar results, the specimens somelimes 
yielding ordinary tar, at otiiers a mixture oi tar and petroleum. 
In peat, the process stops thus at the outset ; but, in submer- 
ged wood, it proceeds indefinitely. Thus Bovey (brown) coal 
gives out a mixture of these two products, in winch the petro- 
leum bears a conspicuous proportion. The surturbrand of Sus- 
sex produces similar results; but in both these cases, different 
pifoportions of petroleum seem to be procured from different 
epedmena, according to the varying degree to which the process 
of bituminizalion has advanced. In jet, it is difficult to ascer- 
t»n whether the products differ from those which are obtmned 
from asphaltum or from cool ; but in the few trials made with 
thb view, the proportion of acid appeared to be greater in tlic 
former than in the latter case. Should this be the fact, the 
Htuminization, even of jet, must be considered as incomplete, 
and it will probably be found to yield a small proportion of lar, 
fX of the oil of wood. 

From a consideration of all these circumatancea, there eeems 
no reason to douht that peat is a substance intermediate between 
ounmon vegetable matter and bituminous lignite, and that it is 
capable of undergoing the uldmate change, when all tiie regul- 
ate conditions are present. It equally follows, tliat as the action 
of water is cajrablo of producing the incipient change, there ia 
no reason to doubt tliat it may eflect the ultimate one, This is 
indeed confirmed by the geological situation of brown coal, of 
surturbrand, and of jet, all of which occur in alluvial soils. In 
peat, time alone seems wanting to complete the process. The 
history of its formation, already given, proves that it is rarely 
of a distant origin ; and, in those cases in which it shews marks 
of bituminization, it will probably be found that its antiquity ia 
the highest. The bituminous lignites are always found buried 
under alluvial soil, sometimes of considerable depth ; a circum* 
^ance generally siifiicient to indicate a longer period of expo^ 
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tare to the action of tlie caufm by which the change in the t 
table oom[x>und was induced. It b probable that the | 
found under alluvial soils will be more higlily bituminized thad 
ytbeu it occurs in superficial beds ; as in most cases it will, ii 
these situations, be a more ancient dejwsit ; but as yet no o 
])ortunities for making the requisite trials have been aiTsrded. 

It is impossible, by direct experiments, to prove that watd 
or the action of water and air combined, is capable of chan^ 
VC^tablc matter into bitumen, as the necessary element of tin 
cannot be introduced into sucli experiments. It may, howevei 
be inferred, with a considerable degree of probability, frof 
lo^cal observations. It has already appeared that the esse 
'till distinction between tlie bitumen and tlie products of veg< 
table distitlaUon, consisted in the predominance of oxygen i 
the latter class of substances. Apologizing fur a little laxity i] 
tile use of the term, the process of bituminization must therefiini 
be con^dered as a deoxydation of the vegetable matter. Non) 
^en turpentine is converted into resin by the action of ^r, q 
,!rf air and water, not only the proportions of hydrogen and c 
'Wm are changed, but it no longer yields on distillation the m 
quantity of acetic acid. A species of deoxydation has hei 
therefore taken place, and analogous effects appear to i 
from tlie action of tJic same causes on the hquid bitumens, a 
OD vegetable tar. It was also shewn that peat yielded less 
oa distiUation tJian unchanged wood, so that the action of wate 
in this case also, has the power of deoxydating the vegetablif 
matter, as well as of dissipating a portion of the hydrog* 
which it contains. It is not unreasonable tu conclude, thati) 
may, by a continuance of the same action, produce the ultim 
change into bitumen. The changes which it is capable of eft'ec 
ing on the fibrous parts of animal matter, by converting tin 
into adipocire, if they do not present a very exact analogy, 
least indicate a power adequate to the production of effects 
comphcated and less to be anticipated. 

It has been asserted that vegetable matter was converted ii 
to bitumen by the action of fire ; and, in extending this thee 
to the formatioE £omc expeiiments have been addoce 

in support of il lese conasled ii 
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matter in close vessels, under a species of pressure which waa 
supposed to possess a power of mcxiifying the results to this 
end. But the produce in this case is neither coal nor even as- 
pliallum, nor is it in the slightest degi-ee liituminized. It is, in 
fact, the pitch or bistre, produced in the ordinary process of the 
destructive distillation of wood ; nor could even that solid sub- 
stance be obtained, unless by some careless mode of conducting 
the experiment, so as to suffer the more volatile products to 
escape. It is also certain, that the effect which fire does not 
produce in tlie commencement of its action on vegetable mat- 
ter, it does not produce at any stage ; and that in no case is it 
capable, in our hands at least, of effecting the change from 
those substances into bitumen. 

Thus far alone does it at present appear in our power to il- 
lustrate [ho nature of peat, and of the bituminated lignites with 
which it is so nearly aihcd. But it would be wi-ong to con- 
clude tliis subject witliout entering, however slightly, on a much 
more conjectural field of inquiiy, namely, the possible relation 
of peat to coal. This is a geological question of great impor- 
tance, but on which, unfortunately, there is not much real in- 
formatjun or solid reasoning to bfl'er. 

In examining the mechanical disposiuon of peat-mosses and 
of coal, a consaderable resemblance presents itself. The for- 
mer occur in strata more or less extensive, as the latter do ; and 
in both, the strata vary in thickness in different parts, common- 
ly disappearing in a tliin edge. Strata of peat are also occa~ 
aonally found, like coaJ strata, repeated above each other in the 
same place, and separated by bed* of sand, clay, and marl ; 
substances corresponding, in every respect but induration, to the 
sandstone, shale, and limestone of coal-fields. In both also, 
there are occasionally found remains of animals and vegetables, 
of which the organization is not destroyed ; and this is most re. 
markable in the peat of estuaries, where these have been entang- 
led in the earthy matters as they are in the shale of coal-fields. 
Where peat has been formed in lakes or extensive marshy cavi- 
ties, it occupies distinct spots, separated from others of the same 
nature, as are those deposits of coal which have been called In- 
dependent Formations. 
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TIlc resemblance in composition between peat and ooal:d 
equally reinai'knble. In many coal strnta, as in ccrtun kini 
of peat, no remains of organic materials can be detected. 
:<t^piB, remains of various plants arc found, and these, a 
peat, present botanical cimracters whicli indicate an aquatic o 
gin. In some, fragments of wood abound, and the specimei 
t£ tjiis nature bear a striking resemblance to the peat of for 
But this subject is trite, since it has been a frequent subject 4 
ntnark. 

. The diemical differences between peat and coal are unqiii 
lionaUy great, as are the mechanical diifer^ices of texture a 
compactness ; but it must be presupposed tliat the corapariaa 
is here to be drawn between a stratum of peat previously biU 
minized, and in which the change has been completed, even to * 
a degree beyond that of jet. In this esse, the chemical distinc- 
tion cea^xs, and it remains only to account for the mechanical 
differences of compactness, and of a peculiar structure, a 
gouE to that of sbole, by which coal is disUngiushed from j 
the bitumens and Intuminated Itgniles. 

As it is here said that the chemical distinction betweeu < 

and lignite ceases at tiic jwriod of complete bituminization, itv 

necessary to stale more accurately what the i-eal distinctions a 

between coal, a^phaltum, and the bituminous lignites ; all 4 

these being substances which give results on distillation thl 

correspond in a very perfect manner. 

The composition of asphaltum, as it is commonly found i 

Iture or produced by art, differs chiefly from that of coal i 
v|tB containing a smaller propoition of carl»n to the hydrogi 
or in its yielding on distillation a greater quantity of petn)Iei 
and a smaller quantity of residual charcoal. But even betw 
these two substances there is sometimes no such distinction, i 
it is very trifling; as very dry varieties of asphaltum will 1 
ibund to cont^n as much charcoal as the fat or bituminous \ 
rieties of coal. The chief distinction, at all times, appears, a 
already suggested, rather of a mechanical nature ; or, it ii 
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isviiig once been liquid, its charcoal has originally been in a 
ifrte of chemical combination with tlie hydrogen. 

Between the chemical composition of coal and lignite, suppos-i 
K^ the latter perfectly bituminized, there appears no difference ; 
he only sensible one being that orismg from the remtdns of or- 
jjHUzation viable in the latter. By a process of fuuon, jet can 
a fbct be ocxiverted into coal ; or, at least, the slight difference 
rbich may remain, is that only which arises from the imperfect 
iHtuminization of tlie jet ; a circumstance which does not affect 
diis inquiry. 

.It remuns, therefore, only to discover by what process beds 
of bitumimzed peat or lignite may have been so condensed as to 
oequire the peculiar compactness and mineral structure display- 
^ by coal ; as the chemical resemblance has been establislied, 
and as it has been shewn that the former are produced by the 
action of water on vegetable matter. Those who have consider- 
ed the process of bituminization to have resulted from die action 
of fire, have also viewed the peculiar structure of coal as the 
consequence of fusion under pressure. The fallacy of the ex- 
periments by which the former circumstance was supposed to be 
established, has already been shewn. To determine the pro- 
bobility of the latter supposition by, a more correct mode of ex- 
perimenting,, portions of jet were submitted to the action of fire^ 
under pressure so regulated as to admit the escape of such vo- 
latile matter as might endanger ^e apparatus. Thus the orga- 
luzed structure of the jet was destroyed? and the mass was 
brought into fusion. On being cooled, it broke easily into ir- 
regular fragments, not unlike some varieties of coal. In all 
other respects, as might be expected, it bore an exact reseni- 
blanoe to that substance ; and it is also worthy of remark, that 
in prc^rtion to the greater or less facility with which the vola- 
tile matter escaped, the results bore an analogy, sometimes to 
dry, and at others to bituminous coal. 

It does not, however, follow from these experiments, that the 
theory which they seem to support is the true one. There is, 
in the first place, a deficiency of evidence to prove, that the 
seocmdary strata in which coal is found have been exposed to 
the action of fire. In the next place, although the superincum- 
bent weight of materials would undoubtedly give Uie degree of 
pressure required by this hypothesis, that pressure is not in it- 




Dt th 
^^B tumi 



[6 Di- MacCiillocIi on Peat. 

self sufficient to answer all the required oonditimis. The p 
rositj of the strata which surround coal, is generally such t1 
ley would not prevent the escape of tlie volatile matters v" 
■uld he separated by the action of lire. The coal wouj^ 
lerefore be charred in a great proportion of cases, while 
irroundiog materials would be impregnated with bitumci 
lat the fanner effect would take place, is proved by an occ 
%tnce by no means unfrequent, which may be considered a 
direct experiment in illustration of tliis question, performed ) 
nature on the great scale. This occurrence is the passage < 
trap-veins through beds of coal, the effect of which is to ] 
ducc the consequences in question, notwithstanding the pressui 
of the superincumbent strata. The frequent occurrence of b 
tuminous shale, or of bituminous sandstone in the vicinity a 
feoal, admits of an easy explanation, without the ncces^ty ( 
irring to the action of fire ; by recollecting that the mixtui 
itf peat with clay and with sand, which is not unfrequent, ? 
necessarily be converted into these compounds by the f 
Ks which changed tlie pure peat into coal. Laslly, itW 
possible to conceive, that had coat been produced by thi 
<i(lHon of peat or lignite, the fonns of vegetables should have a 
nAen been preserved ; since, in applying artificial heat, even uBi 
Aeec pressure, all marks of organization are obliterated ; a amsii 
qiience that might indeed be easily foreseen. 

There appears no reason, therefore, to attribute the pcculit 
form and structure of coal to the action of fire, but the sup) 
^tion is, on the contrary, attended by unsurmoun table diflici 
ties. On the other hand, there appears no difficulty in conc^TJ 
ing that these may have resulted from mere pressure. Jet a 
brown coal oie unquestionably indebted to tins fortiicir coi 
ness and form ; and there is scarcely a greater difference 
respect between coal and compact peat, than there is betwee 
jet and common submerged wood. Nor is it very diflicult t 
conceive that, under a state of minute division, luded pos^bly 
by the presence of water, coal might assume the peculiar mine- 
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With respect to the comparative position of peat and of coiit, 
as they relate to the earth's surface, they present no difficuhy 
which is not easily removed by geological analogies. The diffe- 
rence depends solely on their relative antiquity, and it is no 
more difficult to ima^ne beds of peat deposited under the mate- 
rials which have been converted into rocks, than to account for 
beds of conchiferous limestone, or lor the accumulations of or- 
ganic remains, both animal and vegetable, which are found 
deeply buried beneath the rocky strata of later origin. 



Art. II. — Account of the Seven Icebergs ofSpitzbergen*. By 
William Scoresby, Esq. jun. F.R.S.E. and M.W.S. &c. 

vINE of the most interesting appearances to be found in 
Spitzbergen, is the Iceberg. Tliis term, written Y.tberg by the 
Dutch, signifies ice-mountain. I speak not here of the islands 
of ice which are borne to southern climates on the bosom of 
tJie ocean, but of those prodigious lodgments of ice which occur 
in the valleys adjoining the coast of Spitzbergen and other Po 
lar countries, from which the floating icebergs seem to be de- 
rived. Where a chain of hills lies parallel to the hne of the 
coast, and within a few miles distance of the sea-beach, having 
lateral ridges jutting towards the sea, at intervals of a league or 
two, we have a most favourable atuation for the formation of 
icebergs. Such is precisely the nature of the situation a little 
to the northward of Charles' Island, where the conspicuous bo- 
dies of ice noticed by Martens, Phipps and others, and known 
by the name of the Seven Icebergs, ,occur. Each of these oc- 
cupies a deep valley, open towards tJie sea, formed by hills of 
about 2000 feet elevation on the sides, anti terminated in the 
interior by the chain of mountains, of i>erhap8 3000 to !)500 
feet in height, which follows the line of the coast They are 
exactly of the nature and appearance of glaciers ; they com- 
mence at the mar^n of the sea, wiaere they frequently consti- 
tute a considerable precipice, and extend along the valley, which 
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fI8 Mr Scoresby on the Sevat Icebergs i^ Spitr.hergen. 
eammonly rises whli a gentle slope, until they are cither ti 
BMted by die brow of tiie mountain in the back ground, or 
terrupted by a precipitous lurnnat Bcsideti these iuehei 
^ere are some, e(]ually large, near the nuctili-west angle of 
S|)itzbergen, in King's Bay and in Cross Bay, and some (^ 
mudi greater m^nitude near Point-Iook-ouI, besides many 
oriiers of vnrioua sizea, in die Jargo sounds cu the westoni aide, 
and along the northern and eastern shores of tliis remarkitUt 
country. 

The Seven Icebergs are each, on an average, about a mile! 
length, and perhaps near 200 feet in height at die sea 
but some of those to the southward are much greater. A htttte 
to the narlhward of Horn Sound, is the largest iceberg I have 
seen. It occupies eleven miles in length, of llie sea-tyiast. The 
highest part of tlie precipik>ue front adjoining the sea t9, 
aoeasureinent, 402 feet, and it extends backwai-d toward 
summit uf the mountain, to alxjut four times diat elevauoii. 
nirfacc forms a beautiful inclined plane of smooth snow; tbe 
edge is uneven and perpendicular. At die distance of fifteen 
niles, the front-etlge subtended an angle of ten minutes of a de> 
free. Near the South Cape lies another iceberg, nearly as es- 
4ea^\e as this. It occupies the space between two latenl 
ndges of hills, and reaches the very sommit of the mauDtBio, in 
the back-ground, on which it rests. 

It is not eapy to form an adequate conception of these truly 
wonderful productions of Nature. Their magnitude, thtir 
beauty, and the contrast diey Ibmi with the glotmiy rocks a- 
Eound, produce sensations of lively interest. Their upper sur- 
&ce5 are generally concave ; the higher parts are always cover, 
ed with snow, and have a beautiful appearance ; but the lower 
fnrts, in the latter end of every summer, present a bare surface 
of ice. The front of each, which varies in height from the le- 
Tcl of the ocean, to 4flO or 500 feet above it, lies parallel widi 
the sliore, and is generally washed by the sea. This part, rest- 
ing on the strand, is undermined to sudi an extent by the sea, 
when in any 'tulent, that immense masses, loosened by 

the freezing ?d in the recesses in winter, ca- by the 

effect of stre nning over ita surface and through 

chasms ■. A. asunder, and with a thundering 
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ntuse fall into tlie sea. But as the water is in most places sliol- 
low in the front of tliese Icebergs, the masses which ore dislodged 
are commonly reduced into fragments before they can be float- 
ed awny uito tlie main sea. This fact seems to account fur the 
rarity of icebci^ in the Spitzbergen sea. 

The front surface: oficebergs is glistening and uneven. Where, 
ever a part has recently broken oft", the colour of the fresh 
fracture is a beautiful grecnisli-hluc, approaching to emerald- 
green ; but such parts as have lung been exposed to the air, are 
of a greenish-grey colour, and at a distance sometimes e.ihibit 
the appearance of cliiFs of whitish marble. In all cases, the ef- 
fect of the iceberg is to form a pleaang variety in prospect, with 
the raagnifitcnce of the encompassing snow-clad mountains, 
which, as they recede from xhs eye, seem to " rise crag above 
crag," in endless perspective. 

On au excursion to one of the Seven Icebergs in July 181S, 
I was particulariy fortunate in witnessing one of the grandest 
efi^ts wliicli these Polar glaciers ever present. A strong nortli- 
W£sterly swell having for some hours been beating on the shore, 
had loosened a number of fragmcDts attached to the iceberg, 
and various heaps of broken ice denoted recent shoots of the sea- 
word edge. As we rowed towards it with a view of proceeding 
close to its base, I observed a few little pieces fall from the top, 
and while my eye was fixetl upon tlie place, an immense co- 
lumn, pi-obably fifty feet square, and one hundred and iifly feet 
hi^, began to leave the parent ice ^t tlic top, and leaning imu 
jestically forward, with an acceLerated velocity fell with an aw- 
ful crasli into tlie sea. The water into which it plunged was 
converted into an appearance of vapour or smoke, like that 
from a furious cannonading. The noise was equal to tliat of 
thunder, which it nearly resembled. The column wliich fell 
was nearly square, and in magnitude resembled a church. It 
broke into thousands of pieces. This drcumstance was a hap- 
py caution ; for we might iuadvcrtendy have gone to the very 
base of the icy clijf, from whence nia.sses of considerable magni- 
tude were continually breaking. This iceberg was full of rents, 
as high as any of our people ascended upon it, extending in a 
direction perpendicularly downward, and dividing it into innu- 
merable columns. The surface was very uneven, beuig furrow- 
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"«(i anil cracked all over. This roughness appeared to be oeca- 

inonetl by the luelting of the snow, some streams of water being 

Been running over the surface ; and others, having worn away 

tile superficial ice, could still be heard pursuing their course 

thi-ougli sub-glacial channels to the front of the iceberg, where, 

in transparent streams, or in small cascades, they fell into the 

Ben. In some places, chasms of several yards in width were 

^^^ seen, in others they were only a few inches or feet across. One 

^^^L of the sailors who attempted to walk across the iceberg, impni- 

^^^^^ dcntly slept into a narrow chasm filled up with snow to the ge- 

^^^1^ neral level, lie instantly plunged up to liis shoulders, 

r might, but for the swlden extension of his arms, have 

I buried in the gulf. 

I In the first ages of the Spitzbci^n fishery, when the 

frequented the bays and harbours, and sometimes moored close 
to the shore, many serious disasters were occasioned by the fall 
of pieces of icebergs. An instance is recorded by Pdhchas in 
his " Pilgrimes." One of the Russia Company's ships, which 
was on the whale-fishery in the year 1619) was driven on shore 
in Bell Sound, by ice setting in from the sea. The Capt^n, 
with most of his crew and boats, was absent at the time of the 
accident ; but on the first intelligence, caused his boats to be 
hauled up on the ice, and proceeded on board to endeavour to 
get the ship off. After they had been using every endcavonr 
for this purpose during about an hour, a main piece of an ad- 
jcMningice-clifi' come down, and almost overwhelmed tht 
and her crew in its ruins. The shock must have been trei 
dous. The ice which fell, struck tlie ship so high and so 
cibly, that it carried away the foremast, " broke the main-mast," 
sprung the bowsprit, and flung the ship over with such vio- 
lence, that a piece of ordnance was thrown overboard from un- 
der the half-deck ; and the Captain and some of the crew were 
projected in the same way. The Captain, notwithstanding his 
imminent danger, with fragments of ice flying in all directioi 
and the masts of the ship falling around him, escaped unhi 
but the mate, more of the crew, were killed, and 

others were v 

Icebergs ai led of more solid ice than glacit 

but in every ley are very similar. The 
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which ihey consist is, indeed, a little porous; but conwderable 
pieces are found of i>crfcct transparency. Being wholly produ- 
ced from rain or snow, the water is necessarily potable. Icebergs 
have also the same kind of origin as glaciers. The time of their 
foundation, or first stratum being frozen, is probably nearly co- 
eval with the land on which they are lodged. Their subse- 
quent increase seems to have been produced by the congelation 
of the sleet of summer or autumn, and of the bed of snow an- 
nually accumulated in winter, which, being partly dissolved by 
the summer sun, becomes consolidated ; and, on the decline of 
the summer heat, frozen into a new stratum of transparent ice. 
Snow subjected by a gentle heat to a thawing process, is first 
converted into large grains of ice, and these are united, and 
afterwards consolidated, under particular circumstances, by the 
water which filters through among them. If, when this im- 
perfectly congealed mass has got cooled down bi'low the freez- 
ing temperature by an intenal of cold weather, the sun break 
out and operate on the other su rface so as to dissolve it, the 
water which results runs into the porous mass, progressively fill.'} 
the cavities, and being then exposed to an internal temperature 
GufHciently low, freezes the whole into a solid body. Or if, 
when the ice has been coole<l by a low temperature, a fog or 
sleet occur, it is frozen as it falls, and encrusts the body of the 
iceberg with an additional varnish of ice. 

Iceberg are as permanent as the rocks on which they rest ; 
for though large portions may be frequently sopfirated from the 
lower edge, or, by large avalanches from the mountain summit, 
be hurled into the sea, yet the annual growth replenishes the 
lose, and, probably, on the whole, produces a perpetual in- 
crease. But the annual supply of ice is not only added to the 
upper ^paxt, but also to the precipitous crest facing the sea ; 
which addition being run into, or suspended over the ocean, 
admits of new fragments being detached, and of the renewal 
of the vitreous surface which it presents to the eye after each 
separation. In some places, indeed, where the sea is almost 
perpetually covered with ice, the berg or glacier makes its way 
to a great extent into the sea, until it reaches the depth in the 
water, of several hundreds of feet; and then being capable of 
large dismemberments, gives rise to the kind of mountainous 
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I mosses or icebergs, fuund afloat in EUch abundance iii the 8 

, the westward of Greenland. Thus, the extent of stirface o 



pied by each iceberg, is hniited by the moiintjuns on three n 
\ and by the sea, in a measure, on the fourth ; but as to its tT 

ness, there seems iio natural obstacle to its perpetual t 
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Akt. H\.— Account /)f the MnUeubU Iron Paesa^-Boat, 
piytvg on the Forth and Clyde Canal. In 5 Letter fr 
John Rohison, Est^. F. R. S. E. to Hr Brewster. 
Dkah Siii, The Grove, Dcceniher 

X HAVE now the pleasure of sending you the 
and sketches yuu wislied for, of the malleable iron pas» 
vessel, constructed last winter and spring for the service of the 
Forth and Clyde Canal Company, by Mr Wilson, ship-build- 
er, from tlic designs, and und«r the direction of a very able en- 
gineer, Mr Henry Creighton, iate of Soho, and now of Glajsgow. 
The Hull was built of iron, in order to avoid the oftea 
recurring and expensive repairs to which the wooden v( 
had been &und liable. Considerable opjiosition to the pli 
was made by the persons connected with the navigation 
the boats, who said ll would be found inoonvenient and unfit 
for the service; but experience has proved it otherwise, and 
TIhe Vulcan has been tound to be the most agreeable and 
manageable of the passage-vessels in every variety of weather, 
while, though carrying more passengers than any on the old 
plan, it is as easily tracked as the smallest of them; and from 
the lowness of the centre of gravitV) it admits of a large cabin 
sad awning on deck, where the passengers are better acconimo> 
dated than in the former way below. The dimen^ons are. 

Extreme length, - - - - 63 feet, 

Beam, __.---_ ]3 

J)epth, (including 5 inches keel) fi 

Abaft. 

.ft of water on hull, when 

launche<], _ _ _ . 2^ inclit 

Ditto, V ith cabins. 
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head-way enough to bring tliera under c<Hnmaad of the rudder, 
but the Vulcan immediately spTinga off the bank, and take» 
into the middle of the canal '. 

Pumps for clearing away leakage or bilge water were put iiw 
to her, but I believe they have hardly been required to be used. 

It has l)ccn under contemplation to cause the horses to track the 
boats tlirough the inter\ention of a spring, in order to equalize 
their exertions, whiclt vary, In very minute portions (^ time, 
(torn 100 lb. to 1000 lb. while the average strain on the line is 
between ^0 lb. and 3001b. It has been found impracticable, 
however, to procure springs combining sufficient power of exten- 
sion -f- and strength, and I believe we must have recourse to one 
vhose temper will not be found liable to fail ; I mean that of air 
aeted on by a piston in a barrel of adequate dimensions. Perhaps 
some of your readers will have the goodness to suggest a con- 
venient form. The points to be observed are, that the appara- 
tus do not incommode the paseengern, and that it be adapted 
to the use of sucli people as are employed in navigating the 
vessels. I remain, my dear Sir, very sincerely yours, 

John Robison. 



Art. 1Y.— Sketch of the Disiribution tf Rocks in Sheilamd. 
By Samuel Hibbekt, M. D. F. R. S. E. and M. W. S. 8cc 
(Concluded from p. 79-) 

ftOCKS IV THE WBSTEKN DISTRtCTS Or SHETLAND, C0UPBI3I11G ' 
THE PAAISHES OF SA^DSTING, WALLS, AND AITHSTING. 

-I. HE whole of these rocks ore ^tuated to the west of that 
extreme portion of the mass oi' epidotic sicnite, which we may 
trace from Sand Voe, in a northerly direction, to Aidi Voe. 
The rocks of this district may be thus enumerated : they are, 
Ist, The granite of Si*idsling ; ^<Uij, The strata maintmning a 

■ The form of th« this boat wns copied from a model sent by A 

miriil Shank. It cxi "htch have been tried, 

agitation in the watei ivouroble to the preservation at the C 
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course from the granite of Sandsiing, to tliat part of the epido 
tic Mcnite which extends from Sand Voe to Ailh Voe ; Sdh/, 
The bluisli-grey quaru of Walls and Aithsting ; itkt^. The 
strata mmntaimng a course from the granite of Sondsting, to 
the bluish-gi'ey quart?, of Walls and Aithsting ; 5th!i/, The stra- 
ta m^ntmning a course from the bluish-grey quartz of Walls 
and Aithsting, to the granite of the Islands of Vementry and 
Af tikle Rheu ; 6tkli/, The red quartz of the HiU of Walls ; 
"Jihltf, The strata maint£uning a course troni the red quartz of the 
Hill of Walls in a northerly direction, their supposed junction 
with the granite of Meikle Rheu being concealed by the sea ; 
Sthli/, The sandstone, porphyrilic claystone, conglomerate and 
amygdaloidat rocks of Sand Ness, and the Island of I'apa Stour. 
1st, Tlie Gra/niie of Sandsting-.—I have thus designated the 
rock from tlie parish in which it occurs. The granite is com- 
posed of a very red felspar and quartz, containing little or no 
mica. Hornblende is occasionally an abundant ingredient, by 
the acquisitiDn of which we have a ^enitic rather than a granitic 
rock. This mass, which is what geologists call wedge-shaped, dis- 
plays, in a horizontal section, a tru ly crystalline appearanee. The 
two bounding lines of this wedge-shaped mass, appear to diverge 
from a mere point at the head of Bixotter Voe. The westerly 
line may be traced in a direction of S. 35° W. where it is in 
contact witli the quartz last described, to Valey Island. The 
easterly line may be observed in a direction of nearly due south 
to pass tlirough Rewick in Skeld^i Voe, terminating on the east 
of Skelda Ness. 

2i%, Strata maintaimng a cowaefmm the Granite of Sand- 
sting- to thai part of the Epidotic Smtite which extends from 
Sand Voe to Aith Voe. — These sljata, in tracing them from the 
south, are first manifested at Rewick Ness, where tlieir actual junc- 
tion witli the granite at Skelda Ness is only concealed by the in- 
tervention of the narrow cliannel of Skelda Voe. Prom Rewick 
Ness the strata are continued to thelsland of Kurkliolm and to Kir- 
kaness, situated between Selie Voe and Sand Voe, and, lastly, to 
Bixeter Voe, where they are observed to be in junction with the 
epidotic sienite. Thus, the course of the strata is from the gra- 
nite of Sandsting to the epidotic sienite. 
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iH on the DUtributiO'. 
I find that it will be difficHlt under one sm^e term, to carrrKf 
any agnificant idea uf the ingredients of which the rocka of R&. 
wick Ness and Kirkaness are composed, A white quartx, genc- 
fbHjt compact, is certainly one of the component parts, which is 
the tiiost prevalent ; biit this is blended with talc, or with mica, 
which approaches much to (hp character of talc, atid also with 
felspar. The term I shall use to express this combrnation will 
therefore be, " a quartzose fock combined with talc, nrica, a 
felspar." Tlie rock is particularly prone to decompoMfion, i 
that it is difficult to obtain a apeciincn that is dot weathers 
ITie stratification is i-ery much confused, and often obscia 
The best directions which I could obt^n were from N, IC l| 
20^ E. which is agreeable to the particular course of the str 
already stated. These also vary much from the interrupi 
causc<l by small insulated masses of granite, as well as by ti 
occasional association of the quartzose rock with homblcndi 
slate. Several mas.scs of Eraestone are also apparent, which 
have a course nearly parallel to that of the strata among which 
they occur; of these, the most considerable is in the Island of 
Kirkholm. Limestone also occurs at Kirkaness, and on thu 
shores of Bixcter Voc. fl 

To tlie west of the quarizosc strata at the head of Selie Voi^l 
And on its western banks, is a subordinate manifestation of those 
kinds of rocks which I have described under the character of 
nuclei, as affording attachments to Strata, as well as determining 
their course and extent. This small bounding mass is a con- 
fused intermixture of hornblende, greenstone, granite, felspar- 
porphyry, and sienlte, together with occa^onal strata of clay,, j 
slate, the whole being in a very loose state of decompositioi 
This miscellaneous rock has probably, with the exceptioi 
clay-slate, the effect of affording attachments to other quojlzoi 
Strata, which, though very considerable aa to their extent, i 
be traced north of Bixeter Voe, as far as Aith Voc, in jum 
with the epidotic stenite. 

3%, The Bf ' ' -7/ Quarts of JValls and AUhsHng.- 
This mass may lie granite of Sandsting, consider- 

ed as wedge-sha traced from nortll-east to south- 

west. In a ho its form seems no less crystal- 

line than that t ^^^^^_^ Two hounding lines appear to 
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dJVergt from nearly a prant in the Island of Papa Little, of 
which the one is continued in a direction of S. 60° W. to the 
western coast, a little north of the village of Dale ; ubilst the 
other eirtefids in a straight line S. 33° W. to the hcnd of ISxe^ 
tcr Voe, when it first comes in contact with the granite of Sand- 
ating, and thence b continued, in the Saffts direction, to Valcy 
Island. 

The quartz is distinguished in colour froth that of an adjoiii. 
ing mass of a similar kind, by being bJuish-grey, and it is variou* 
ly found with a compact and granular structure. It admits in- 
to its compDMtion much felspar, which is render^ very evident 
in Weathered specimens, containing also, in addition to the fel- 
spar, occasional small portions of clayslate, by which it becomes 
the Grauwackc of some authors. Along its north-westerly line 
of boundary from Papa Little to EiHsta Voe, the quartz is por- 
phyritic, including, besides crystals of felspar, angidar portions 
of the same, which give to the rock on this occasion somewhat 
of a conglomerated character. At Valey Island and Gruling 
Voe, and along the line where the quartz is joined to the gra- 
nite of Sandsting, either an alternation of the two rocks, or il 
Iransitioa of one rock into another, by an interchange of sub- 
stance, frequently takes place. Occasionally, however, nonp of 
these appearances are manifested, and the line of junction is per^ 
fectly distinct. 

The stratification of the quartz is only an occaMonal circum- 
stance, which seems remarkably connected with the partial oc- 
currence of mica. Wherever reguiar strata are thus produced, 
they range with those of no other contiguous rock, the direction 
being nearly from east to west. Considering, therefore, this in- 
dependency of stratification, together with the crystalline form 
of the quartz, as it appears in a honzontal section, I have little 
heutation in as^gning to it the cliaracter of a nucleus. That 
it appears to determine the extent and direction of strata in the 
attachments which it affords to them, will be rendered evident 
when I treat of the rot^ks in connection with it. 

At the North Voe of Clousta, there occure, resting on tlie 
quartz, a small roundish conglomerated mass of granite, felspar, 
and quartz, scarcely, perhaps, more than 150 yards in diameter. 
Such a gradual transition of one rock inUi the other is obser- 
vable at the junction, as to assign to eadi a co^cra^tawswa *scv- 
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pn, A few of the conglomerate strata next to those of t 
(juarlz, range with them at a similar angle of 45°. But, crc 
ing the strata for a distance of a few yards only, they gradualljg 
acquire an inclination with the horizon of only 10°, and, 
taining this position, they are terminated. Now, there is 
reason to suppose, that the lower edges of the strata of the c 
glomerate roclt, are in contact with tlie surface formed by t 
upper edges of the strata of quartz, in the manner of otlira- c 
glomerate strata formerly described. This change of inclioatioi 
therefore, from 45' to 10°, can be satisfactorily aceounte<^ for, t 
the supposition, that tlie strata had acquired an addition of neil 
matter in their descent ; which addition may either conast in a 
increased thickness of the strata, or in an acces^on of new strat^ 
It is thus that the increased accumulation of matter, which ti 
strata may possibly have received in proportion to th^r dept 
would produce an elevation of the uppermost strata. 

4tMif, The Strata maintaining a Course from the Granite a 
Santlstiitg to Oie Bluislt-grey Quartz of WaUs and Aithsting.-^ 
An angular space, formed by tlie easterly bounding line of t 
granite, which obliquely meets that of the quartz, is distingui 
ed by the presence of gneiss. This space includes the land ti 
the west of Selie Voe, witli the exc«plioii of Kcwick Ness, i 
also the land to tlie north-west of Selie Voe, and south of Bixetd 
Voe ; together willi that tract which lies between the north c 
Bixeter Voe and the small hill of Braewick, to the west of Ain 
Yoc. 

These strata are first observed on an eminence to the west fl 
Sdie Voe, where they are separated from the quartzose s 
of Kirkaness, by the intervention of the miscellaneous rock s 
ready described, which is of little extent, consisting of hoi 
blende, greenstone, granite, felspar-porphyry, and sienite ; 
gether witb occasional strata of clay-slate. The rocks in all ti 
track south of Bixeter Voe, are so concealed by a deep bed q 
turf, that we must depend upon a very few occa^onal expc 
wires for the remnval "f our difficulties with rt^rd to the b 
ture of the strat ' ' e north of Bixeter Voe, and to ti 

west of Ailh Vc somewhat better exposed. Tb 

gneiss is occasioi vith mica-slate, and is travera 

by insulated veil rom Uie very few opportunitiflj 
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afforded me to judge of the direction of the strata, they appear- 
ed to run about N. 12' E. The dip was to the west at a varie- 
ty of angles, generally about 45*. 

hQdy, Tfie Strata maintaining a CouTse from the Bluish- 
grey QitartS} of Walh and Jitfisting, to the Granite of the 
Islands of Vementri/ and MeSile Rheii. — In reference to the 
course of these strata, I am obliged to anticipate that a 
very considerable mass of granite occupies the norlh-west por- 
tion of Shetland, which, in tracing it from the south, is 
first observed in that nortlierly part of the Island of Vemen- 
try, which Is contained between the Northern Voe on the 
west, and a small inlet of the sea on the east, close to the house 
of Mr Dixon. This mass is continued to the adjoining Island 
of Mfikle Ilhcu, and thence to the paiish of Nortlimavine in 
the Mainland. I shall have occasion to describe hereafter this 
mass of granite, which, ui its raineralo^cal character, resembles 
in a great measure that of Sandsting. 

The strata now under consideration derive their course, as we 
trace them in a northerly direction, from that part of the hound- 
ing line of the bluish-grey quartz, wliich has been described aa 
pas^ng into porpliyry, and which may he geographically point- 
ed out as including the north-westerly angle of the Island of 
Papa Little, tlic Island of Vemcntry, witli the exception of that 
part which is occupied by the granite, die tract of land south cf 
Uyea Sound lying between Braganesa and Sonsoness, the ex- 
tremity of the Ness of Nunsburgh, the promontory of the No- 
ing, and the south bank of Burra Voe, where it joiup the head- 
land of Snarraness. 

The strata consist of gneiss, so associated, however, and inti- 
mately combined witli Iiomblcndc, that I have given to the 
rock the name of Hornblendic Gneiss, In every specimen which 
we examine, the hornblende is either openly manifested, or is in 
such a state of intimate union with the felspar, as to impart to 
this ingredient of the rock a greenish tinge. Innumerable small 
insulated masses of granite also are every where present, tra- 
ver^g the strata in all directions ; whilst, occasionally, in the 
place of granite, we observe felspar-porpbjTy, sienite or sienitic 
greenstone. Several masses of limestone also, of incon^derable 
extent, maintain a course nearly parallel lo that of the ttJjoioing 
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,«trata. A lliin stratiim of limestone is observed near Sonsc 
to penetrate a small mass of granite, its ooiu-Ge through the 
being in a very remarkably degree distorted. There is, at ti 
fame time) an interoiixture of the substances of which I 
Egclcs are composed. 

It is owing to the general presence of those small inaul 
masses to which the character of nuclei has been asa 
it would lie very difficult to speak with much d^ree of accural 
respecting the general directioii or dip of the strata among whu) 
such interrupting masses occur. The most prevalent dir£ 
seemed tobefromN. toN. 45° E. The actual course of the stral 
however, considered en masse, is certainly from the bluish-grM'l 
quartz of Walls and Aithsting, to the granite of Veraentry oxmM 
Meikle Rheu. The junclitui of tlie quartz with the strata til 
gneiss, is perceptible throughout nearly dtc whole line of boua«fl 
dary described ; but the junction of the gneiss with the grauilii 
mass to the north, is only manifested in the Island of VemeB 
try ; elsewhere, it is concealed by the approach of tlie sea. 
Vementry may be observed a kw very remarkable invasions q 
t)ie gneiss, by processes from the mass of granite. In the prg 
montory of the Neing, also, there is probably a amilar inva^osl 
from the granite of Meikle Kheu; for to such a connectloi^ 
though concealed by the sea, may perhaps be referred the pew 
tration of the strata of gneiss, by a vdaous mass measuring 4 
feet in width. 

6i%, The Red Quartz-Rock if tJte HiU <f WalU.~~T^ 
bluirfi-grey quartu before described, is connected in its norther 
boundary line with another but smaller mass of quartz, t 
colour of which is, according t« Werner's nomenclature, i 
neal red. The red quartz also contains felspar in its compi 
jtion ; it is at the same time unstratified. The rock may he g 
graphically described, as fonning the hill of Walls, having a 
elevation of nearly 1200 feet above the levd of the sea. Th* | 
form of this mass of red quarti^, as induced hy a horizontal s 
tion, is very nearly similar to that of the bluisli-grey qiiartSkfl 
There is only th'" 'lifrrencc, that, in the red quartz, the aa^M 
gular apex fro ' ■ divergency of its bounding 1 

is continued, ii Is so as to he separated froesi 

tlie bluish-giey :h tlie rock is elsewhere joixbl 
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ed. Tills apex of tlie red quartz, geograpliiuaUy re^u^fiected 
by Snaraocss, togetlii^r with its scporatioD &om the contiguous 
mass of bluiah-grey quartz, may be eaaly detected by observa- 
tions made at the point of land to -which J rder, on Uie east of 
Kilista Voe. 

ttbi^. The strata maintaaning a course from the Red Quarts: 
^ihe HiU of Walls, their supposed JuruHon mlh the Graiiiie of 
Meikle Rheu hem^ cotteealed by tfte Sea. — These strata which 
line the coast, occupy all the space in the map, bounded on the 
east by Snaraaeh-s, and on the west by the CliS's to the east of 
the harbour at Norbtc. 

Almost every thing that has beiHi said relating to the last 
mentioned strata, will apply to the description of the present 
rocks. Exclusively of oertiun rocks near Busta Voe, wliich 
consist of gneiss associated ivitb litde or no hornblende, and of 
ceruin strata of gneiss to the cast of Norbie, which are distin- 
guished by the excess of quartz which they contain ; — with these 
exceptions, the strata may be considered as coming under the 
character which I have given of hornblendic gneiss. They ai!e 
traversed in the same manner by ixmumerable smal! insulated 
masses of granite ; they are occasionally diversified by the ipie- 
sence of parallel strata of limestone, particularly near Bust4, 
.and the direction and dip of the strata is, from such alleged 
causes, greatly confused. However, a distinct line of beating 
may not unfrequently be detected to the norUi-east, and mqcc 
the strata of gneiss, as we trace them from the south, dcnye 
their course from the red quarts, such a derivation being evi- 
dent throughout the whole bounding line of the quartz, they 
are probably, in the channel of tlie ocean, intercepted by the 
■sintiguous mass of granite in the Island of Meikle Rheu. But 
it is needless to add, diat such an alleged termination of the 
course of these strata, which their contiguity to the granite mass, 
conjoined with the line of dirccUon in the strata renders very 
probable, can, in the absence of palpable evidence, be only 
offered as mere conjecture. 

Slhhf, The Sandstone, Porphyriti£ Clayslanc, Conglomcraie and 
Ajia/gdalmdal Rocks of Sandness, and the Island of Papa Stour. 
—At Eastgio, west of the coast of Walls, may be first observ- 
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ed, as we trace it from the south, a mass of sandstone or graiui* 
lar quartz, the eastern boundary of which may be traced from 
its junction with the red quartz of the Hill of Walls, along tJ 
coast as far as the House of Mclby and hi the Holm of SancU 
ness. The sandstone dilFers from the red quartz, by containii^ 
less felspar, by possessing a structure more granular and less 
hard, and by the general whiteness of its colour. The direOr 
tion of the strata is generally about N. 55" E., the dip being, 
to the east under an angle of 45" ; frequently, however, , 
much less inclination is observable. Near East^o, the sand* 
£tone is associated with strata of clay-siate, almost horizontal 
and, near the House of Melby, with clayatone porphyry of a coo- 
glomcrate structure. 

As we approach the shores of Papa Stour, the sandi 
ceasing to become the prevalent rock, we observe the island titu 
he chiefly composed of felspar -porphyry. This rock admits of^ 
several varieties. Of these, the first is found chiefly on thij^ 
Bouth-east of the island near Nortli-house : it contains a g 
excess of felspar, but is slightly porphyritic ; the colour of t 
rock is brick-red. The second variety, occurring on the i 
and north-east, also occasionally on the south of the island|| 
is denoted by a greater quantity of argillaceous matter* 
which being of a deep reddish-brown colour, and unequaltj*^ 
combined with red and reddisb-whitc felspar, often gives th«t 
rock a variegated appearand. The third variety differs littla, 
from the other, except in being less variegated, and in tlui; 
greater number of its crystals of felspar. It is to be found oi^ 
the south-west and west of the island. 

The claystono porphyry, which is generally, in Papa Stomv 
an unstratified rock, may, in reference to tlie varieties which it 
exhibits, he resolvable into several distinct masses, the bounding 
adcs of which not coming into mutual contact, their intervening 
spaces are supplied by strata. In other instances, the strata 
appear to merely fill up those concavities of the porphyry 
which are of a subordinate depth. Rejecting, then, any mecha- 
nical notion whif^ •■ 'd refer the intervention of strata be- 
tween the rocki i; up of inequalities, to the circuia< 
stance of one ! les regularly repowng upon a 
ther, as if rocki of a number of aitccesave d 
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aits, I have, on the contrary, been rather disposed to compare 
strata to certain crystalline laminae, which variously attach them- 
selves by their edges to the sides of nudeL Adopting this 
^ew, we are then entitled to expect that strata attached to cer- 
tain ades of the claystone-porphyry as to nuclei, will not al- 
ways preserve in thcdr connection one uniform horizontal or in- 
dined poation : On the contrary, agreeably to the appearances 
presented at Papa Stour, strata of various dimensdons and thick- 
ness will often meet the rocks, affording attachment to their 
edges, in every imaginable circumstance of variation and dis- 
cnrder. 

I shall now commence my examination of the strata^ Papa 
Stour at the most southerly part of the island, which is east of 
Hamna Voe, at the Point of Bragaster. Here a large mass of 
claystone-porphyry is distinctly observed to come in contact 
with a surface formed by the superior edges or outgoings of 
strata of sandstone. And since these strata contain no frag- 
ments of other rocks, being, vnXh the exception of their very 
red colour, similar to the rock of the same name at Sondness, I 
was inclined to suspect tliat many, or perhaps the whole, of 
the masses of claystonc->porphyry might be superimposed on a 
surface of sandstone. But, on the contrary, there is no evi- 
dence to sliew, that the part in contact with the sandstone may 
not belong to tlie deep impendent side rather than to the voider 
surface of the porphyritic moss ; consequently, the relations ai 
the under surface of the unstratified rock may be perfectly un- 
known : Or, again, that part of the porphyry in contact with 
the sandstone, may belong to a small portion only of the under 
surface of the superimposed mass. The rest of the under 8ur<^ 
face may be in contact with rocks of a very different descrip- 
tion. Thus, the Voe Skerries lying to the north-west of Papa 
Stour, and the rocks of Norbie, situated to the south-east, are 
all composed of homblendic gneiss; and when we. take intp 
consideration the detached fragments of hornblende, and slaty 
actynolite, abundantly found in the island, either a part or the 
whole of the rocks of Papa Stour may, for any thing that cani 
be proved to the contrary, rest upon a surface formed by th.e 
outgdngs or upper edges of strata composed of homblendic 
gneisfc 
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Pursuing our circuit round the island cast of ihe Fomtq 
Bragoster, we find a sandstone, which is coloured by g 

«!upying an interval between masses of elaystraJe-porb'l 
lyry. The direction of the strata is about N. 15° W., dipfni^'l 
the west at angles of about 20°. Again, to the east, a 
iproach the Kirksands, an amygdaloid a I rock first appeanf 1 
tving a basis, consisting for the most part of argillaceous 
•tsT combined with felspar, the cavities <)f which are filled witl^J 
calcareous-spar, heavy-spar, fluor-spar, quartz crystals, chalcw m 
dony and green-earth. This rock is alternated with thin Ijeds J 
of an indurated sandstone, txxasionally pasang into ja* 
Heme then; are imperfect marks of stratification. At the E 
sands wc have a sandstone manifesting a direction and dip neat 
BJmilar to those of the last strata, of the same name, describe 
Agmn, to the east, appears a conglomerated sandstone, alto 
Qsted with an amygdaloidal rock, like the lost noticed, 
strata of which are vertical. East of the aniygdalotdal rock wtr " 
again meet with claystone-porph j ry ; whicJi mass is probably 
the continuation of a mure northeriy one, intercepting all the 
strata hitlierto described. 

Crossing the porphyritic mass, which is imperfectly stratifieo 
the second interval, sup|>Iied by strata, extends from the aouth 
coast in a northerly direction to Hoiisca Voe ; it is hniited to t) 
east and north by the several porphyritic masses of NorthhoUMf J 
and OUas Voe. These strata are chiefly of sandstone, wliidi 
south of Houses Vhc, becomes conglomerate, containing sm 
angular and rounded portions (A' the same nx-k, varied by ti 
presence of grcen-earlh : their direction is fruni N. 45° to 60^ B 
dipping to the west at angles of about 20'. North of Houai 
Voe, and extending to the head of Ollas Voe, are strata I 
sandstone alternated with amygdaloid. The .stratifical« 
when distinct, is in a direction of about N. 20° W., whilst t] 
dip is to the west at angles of about 17°- 

Continuing our circuit round tiio island, in order to observlft'l 
relations of the porphyry, we find, to the north-east of Papa 
lur, a con; rock, variously conasting of portions of 

idstone;, cl Ty, and green-earth. Strata of 

rock are inte ibons from the vertical to the 

zontal, betwi stone-porphyry. Here we may 

some places ti lie porphyry round, hollow com 
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tions, the drusy cavities of which are Hned with quartz^rystals» 
North-east of the bank of Ollas Voe, the claystone-porphyry is 
occasionally prone to the conglomerate structure, and we find it 
alternated with thin beds of sandstone. 

West of Ollas Voe, the porphyry presents, no remarkable ap- 
pearance ; but near the most northerly point of the headland 
between Ollas Voe and Cuha Voe, conglomerate rocks rest on 
the porphyry. East of Culia Voe, whilst claystone-porphyry is 
the lowest lock, conglomerate strata, into which the porphyry 
passes, are the next in point of superimposition, and an amyg. 
daloidal rock is the highest in the series. Here the porphyry 
is imperfectly stratified. West of Culia Voe, the claystone-pqr- 
ph3rry is uncombined with any other rock. 

North-west of the Island of Papa Stour, near the entrance in- 
to Culia Voe, conglomerate strata rest, in nearly a horizontal po- 
sition, on claystone-porphyry. But a little to tlie westward, we 
find the porphyry in a reversed relation, appearing to rest upon 
a conglomerated sandstone, and, to the south-west, upon a rock 
con^sting of alternations of conglomerate and amygdaloidal stra- 
ta. Here it is very probable, that the apparent superimposition 
of the porphyry merely involves the contact of one portion 
only of its bounding surface, which is impendent ; for, as we 
pursue our course to the south-west, we find that a sandstone, 
which is connected with all the strata apparently subjacent, now 
comes in contact with another portion of tlie bounding surface of 
the porphyritic mass, which is inclined. Consequently, the 
same strata which in one place appear to be subjacent to the 
jxjrphyry, are now the superimposed masses. From all these 
anomalous circumstances, it seems very evident, that the terms 
Superimposition and Subjacency, may lead to very erroneous no- 
tions in regard to the attachments of strata ; since they involve 
contradictory appearances, which can only be reconciled, on a 
supposition that the edges of strata may be variously opposed 
to two difierent kinds of surfaces, described as impendent or 
incUnedj and that these, at every step we take, may diversify 
the form of the individual rock affording attachment to strata. 

Quitting these conglomerate and amygdaloidal strata of the 
north-west of Papa Stour, our examination of the island ooq. 
dudes with the uninterrupted continuation of the claystone- 
porphyry to the west and south-west of the island, until we 
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reach the Point of Bragaster, from whence our circuit first com- 
menced. 

Before quitting the discussion of these rocks, a few words re- 
main to be said with regard to the general rela ions of sandstone 
or granular quartz. I have hitherto considered this rock as 
posses^g the' character of a nucleus, since we have exhibited 
itft apparent influence in determining the course and direction of 
other strata connected with it. But when sandstone or granular 
quartz assumes a conglomerated structure,^ its character appears 
to undergo some change. This change consists in the course and 
extent of its strata being determined by the presence of other 
rocks, such, as in the instance now given, by the daystone-por- 
phyry of Papa Stour *. 

THE GRANITIC DISTRICT OF SHETLAND. 

The granite of this district is first traced from the north of 
the Isle of Vementry ; it occupies the greatest portion of the 
Island of Meikle Rheu, and is inferred to be continuous through 
the channel between Meikle Rheu and Northmavine, from 
tne circumstance of forming the insulated rocks named the 
Drongs ; and, lastly, it extends from the south coast of North- 
mavine to the Island of Wya, situated to the north of the pa- 
rish. The whole extent of the granite, supposing it to be con- 
tinuous from Meikle Rheu, is 24 miles in length, and from 1 J to 
6 J miles in breadth ; it rises to a height of 14*70 feet, forming 
Ronas Hill. 

To tlie east of the granite, in junction with it, is a mass of si- 
enitic greenstone, which may be traced from the Island of 
Meikle Rheu to the south of Ronas Voe. It is 12 miles in ^ 
length, and about 3 in breadth. 

These two masses of granite and sienitic greenstone, mutual- 
ly penetrate each other by extensive processes, one of which I 
traced a distance of five miles ; at the same time, insulated masses 
of granite occur in the aenitic greenstone, and vice versa. 

Strata and Rocks connected with tlie Granite and Sienitic Greene 

stone of Northmavine, 

The line of ^^tween the granite and sienitic green- 

stone is not, h< 5te. A space, in one instance, is 



• For several int< rocks of Papa Stour, see Dr Fleming's 

Account in the first \ ian Transactions. 
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evident whare a partial separation has occurred. This space is^ 
occujned by strata, and is bounded on the N. and W. by the gra- 
nite and on the south the presence of the granite is indicated 
by the insulEtted rock of the Drongs : it is bounded on the east 
by the siemdc greenstone. Thus, certain strata, forming an 
area of a mile and a half in length, and three quarters of a mile 
in Inreadth, appear to be inclosed on all sides by two unstratified 
rocks. These strata, constituting Hillswick Ness, exhibit a va- 
riety of directions, the most prevalent being nearly from west 
by south to east by north. The dip and angle are too confused 
to be stated with any degree of accuracy. This curious assem- 
blage of rocks, in crossing them from north to south, are found 
to be arranged in the following order, viz. quartz, homblendic 
gneiss, mica-slate, chlorite, and homblendic gneiss. They are, 
at the same time, traversed by veins of felspar-porphyry and by 
greenst(nie. Here also is found steatite, talc, chlorite contain- 
ing magnetic ironstone, cyanite, and actynolite. 

Two series of strata are arranged to the east of the aienitic 
greenstone. To determine the situation and circumstances of 
the first series, it is necessary to refer to a space in the annexed 
geological map, bounded on die east by a mass of sienite, to be 
traced from Hagrasetter Voe to Glus Island, and on the west by 
the siemtic greenstone, the Hmits of which have been stated. This 
is occupied by strata running in a direction of N. by W. from 
one mass of sienite to the other, and meeting e^ch by their late- 
ral edges at various angles, with an inclination to the east. 
These rocks, which are much concealed by the covered state of 
the ground, appear to consist of homblendic gneisis and chlo- 
rite, with an enclosed mass of limestone. 

More northerly, a 2d series, continuous with the first, takes 
a course of N. 20* E. These strata fwm the Falling Hill and 
Ollaberry Hill ; and as we cross them from west to east, appear 
to consist of homblendic gneiss, with an intersecting mass of ser« 
pentine, mica-slate, chlorite, and quartz. Of these rocks, the 
more westerly, consisting of hOTnblendic gneiss with the serpen- 
tine, rf quartz and mica^slate, are intercepted by the granite 
which occurs to the north of Colafirth Voe. The rest of the 
strata are continued northerly, the quartz being finally lost by 
^e inroads gf the sjea at Calsta Ness ; wliilst the chlot\^-%\sx\!& 
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mmy he traced as far north as Xortli RIteu and North and 
South Holm, where it is assodated with small masses of lime- 
stone. New strata, however, arise to the west of llie chlorite- 
slste, consisting of tnica-slatc and ^eiss, tlie southerly lateral 
'wlges of which meet tlie northerly bounding line of tlie granite 
at various angles. The strata of mica-slate are intercepted 
' on the north by a mass of diatlage-rock, occurring in the pe- 
^ninsula of Fethaland. 

To the nnrtli of Fethaland, in the insulated rocks named 
I ' *Grunie and the Kamnay Stacks, is found a conglomerate rock, 
' con^stlng of granite, felspar and quartz, the relations of which 
Jbxe not evident 

To the south-west of the granite is a considerable mass of 
^^ystone-jxtrphyry, with a conglomerate and amygdaloidal rock 
wvt tlie same nature. The cavities of the latter are filled »rith 
' carbonate of lime, quartz-crystals and calcedony. This mass 
occupies a district, bounded on the soiitli by a line drawn from 
Bcaewick to Eslianess ; on ihe west, from Eshaness to the en- 
trance into Ronas Voe; and on the cost, by the large mas&aj 
granite already described. 

TUE EEHI'F.XTINE DISTUK T OF SIIETLAKJ}. 

T}i£ Gneiss of t!ie Islnnih of Veil Sound, ihe large Itla 

YcU, West of Umt, l5'c 

Returning to the sienite of Yell Sound, we trace these atn 
from tlieir junction with it, by their lateral edges, at the s 
islands of Yell Sound, namet.1 Brother Island, Little Rhooe a 
Samphray. Near the junction of the gndss with the m 
the strata are much traversed by veins of hornblende, 
whole of the Island of Yell is composed of gneiss, oa well jj 
the islands to the west. The strata are everywhere int^ 
sected by small veins oi' granite, which, to the north-west ( 
Yell, ore almost as abundant as the strata which they traversi 
The direction of the strata, disturbed much by these veins, n 
be stated at . 12° E. The dip is to the weat, \ 

angles of abo" _ 

The north( )f the strata are, for the most part, 

tfut off by till -ata, however, may be identified in 
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tlwse of IlascoBco, the small iitJand uf Linga, and in tlioee of 
the west of Unst, where they are interceptod by a mass of eer- 
pentine, remiuning to be described. 
7%e Serpentine and D'wMage of FcUar, and the strata connect^ 

ed toith them. 

In the Island of Fetlar is a conlral mass of eerpentine, wliich 
forms the Vord Hill. It is characterised by the quantity of 
chromate of iron which is disseminated throughout, in graim 
not larger than those of gunpowder, by the terruginoua appear- 
ance which it exhibits on decomposition, and by its noxtoin 
effect on vegetation. This mass presents two outlines, diver- 
ging from a point in a northerly direction, but inclining a Ktflo 
to the north-west ; it is six miles long, and from one to two broad. 

To the east of the serpentine, in Gnitings Voe, are strata of 
micar^late, clay-slate and chlo rite-slate, associated with several 
Bmall insulated masses of serpentine. These strata, in their 
junction with the large mass of serpentine, are opposed to it at 
various angles. To the east of these, along the whole of .the 
east coast of Fetlar, are rocks of conglomerated mica-slate and 
cHorite-slatc, containing jwrtiims of quartz, occasionally angu- 
lar, but for the most part exhibiting an abraded appearance; 
whilst, at the same time, they arc often observed to impercepti- 
bly pass into the substance of the containing mass *. 

To the west of the central mass of serpentine in Fetlar, are 
numerous insulated masses of serpentine and diallage alternated 
with chlorite-slate, glossy alum-slate, and mica-slate. Still more 
westerly is a cuneiform mass of diallage, and a similarly formed, 
though thinner, mass of serpentine. The serpentine at Odsta 
considerably disturbs the com}Dass. Strata of gneiss, intersect- 
ed by small veins of granite, complete the structure of the Is- 
land of Fetlar \ these bound the western coast, and, in a direc- 
tion of N. byE. and an inclination to the west, meet the serpen- 
tine at various and considerable angles. 

At Lamhoga in Fetlar, in consequence of the decomposi- 
tion of a peculiar white bed of gneiss, containing much felspar, 

• These Btrala, which several years ago e«ited ihe atlcnlion of Profeasor Jame. 
eWi appear in have materially assisted liu viewi of tbe natuie of conglomenlc 
racks in gencroL 
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jibed of porcelain earth is produced. This occurs on the estate 
F Arthur Nicholson, Esq. and may probably be an object 4^ 
mercial notice. 

istribution oftfie Serpentine, DiaUage and Strata of Unst. 
In the adjoining island of Unst, to the north of Fetlar, is 
anotlicr central mass of serpentine, in almost every respect likti 
that of tlie central mass of Fetlar. This rock may be traced 
from the west of GallowhiU, near Belmont, bending in a north-' 
easterly direction to the line of toast between Norwick Bay and 
the north of Balta Island. It is about ten miles in length, 
I while its breadth gradually increases from one to three miles. 
p'This mass of sei-pentine is particularly distinguished by thff 
<f abundant occurrence in it of the chromate of iron, chiefly 
Bervable in the neighboiu'hootl of Balta Sound. I was fii'St 
1 to a search after this ore, by obser\'ing innumerable frag- 
B of it strewed about the liill, and even employed for the 
^mrpose of fortifying the fences of the country. It is obscrvetl^ 
first, in the form of imbedded masses, as at Buncss, close to the' 
house of the proprietor, Thomas Edmonstone, Esq, The ex- 
tent of the greatest mass is not, however, apparent, as it is on 
one ^de concealed by the sea, and on tlic other by the deep' 
soil of a meadow. It was traceil 3 feel in breadth, and IS feel m> 
length. At Hagdale, near Haroldswick, the chroinate of iron 
curs in the form of numerous thin ramifying veins, 2 to 3 
in breadth, but sometimes increasing to the breadtli of 5 aa 
6 inches. Many masses are clsewhei-e observable, exten^ng 
few feet, and then losing themselves in a general d' 
throughout the whole mass. The chromate of ii-on is also m> 
some hills diifused generally in granular particles, of the coloup 
and size of gunjjowdcr. Asbestus, amianthus and talc occur in 
Aany places, particularly at Swinaness, near Balta Island. 

To the east of the central mass is the Diallage nwk, of whidtv 
the Vord Hill of Unst is formed, and which may be traced inji 
a direction of N. E, by N. to Balta Island. It is seven miles in < 
length, and two miles m breadth. In the diallage of Italt& 
Island may be fo "■''■d specimens of asbestus. To the 

eR8t of the dialla Sound to Muimess, and in Ac 

Island of Wya, i irite-slaie associated with smaU 

insulated masses 1 scrpciitnie ^ Sirpeiitiae ajse^ 

nirs at the I^a: tie off Mouncss, 
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The rocks to the west and north of tlie central mass of ser- 
pentiiie have a very complicated dbtribution. A small mass of 
porphyritic gneiss (if it c^n be so called, for it shews very littl* 
of the stratified structure,) may be, in tlie first place, observed at 
Lambaness, and at the insulated ruck named The Scaw. ^Iy> 
May be remarked a cuneiform mass of quartz, containing sqme 
felspar, and occupying a ate between Burravoe and tlie Loch rf 
CliiT. Sdly, May be remarked a Ijed of limestone to the east of 
the Loch of Cliff. 

Now, the space intermediate to the central mass of serpentine, 
the porphyritic gneiss, the limestone and the quartz, is occupied 
by the Hill of Saxivord, consisting of striated strata of mica^ 
date, which are connected with all the bounding rocks that I 
have mentioned, and which meet each of them at various angles. 

With regard to the islands in the clianncl intermediate to the 
Islands of Unst and Fetlar, they consist of serpentine, diallagc, 
and ddoritc-slate, slicwing that Unst and Fetlar may be con- 
sidered as part of one formation. 



I have at length concluded my account of tlie distribution of 
the rocks in Shetland, wliich, although a mere abstract, has 
extended itself to a length tliat I had not anticipated. In a 
country offering so many objects of notice to die geologist, I 
have, through the medium of this Journal, presented those phe- 
nomena only which might tend to throw some Ught on the nature 
cf stratification ; yet tlie form, distribution, and comparative 
lights of the hilts, together with the changes which the rockft 
are in the process of undergoing from various existing causes, 
are distinct subjects of equal interest, to which I have not hiu^ 
space to advert. 

The general conclusion from a dispowtion of rocks like that 
wluch I have described, is readily suggested. If the resem- 
blance to nuclei which I have endeavoured to trace in tlie rela- 
tions of certain mountain masses be admitted, then will the gra- 
dual manner in which the rocks at their junction pass into each 
other, assign to the whole of the hills of Shetland a cotenipor&. 
neouB formation. But this opinion I offer with conEadenible 
diffidence, since the analogies upon which it is founded, do not 
by any means communicate to it the force of a complete induc- 
^on. A number of facts vc still req^iuced to decide o^'siaUava 
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Mt refer to the date of the formation of rocks; but these ought 

9 be accuninlaled with an accuracy, that may eecm unnecessary 

D the geolc^Ht, who fancies himself secure in the theory which 

e has built, and that this theory is as immoveable as the rocks 

9 which it refers. In conducting, therefore, investigations oe- 

aryto g^ve to geology the name of a science, the maxim (rf"» 

losopher of the lost century, ought ever to form the leading 

:.{innciple : " Turn c^rlet incipere k simphcissimis, cognitit 

facillimis, atque certissimis ; a quibus deindc pet^cndum ad e* 

semper, quee proximo gradu liarum conditionum pratgressa at- 

tingunt, atque ita accurate progrediendum, ad compo^ta, obt 

fieura, diificilia." 
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Art. V . — Accmint of thu Ekctrkal Eels, and of die Me- 

' Hwd of catching them in South America by means of WU» 

Horses. Abridged from Humboldt's Personal Narrative. 

XVEAL Gymnoti or Electrical Eels, inliiibit the Hio Colorado, 
the Guarapiche, and several little streams, that cross the missons 
of the Chayma Indians. They abound also in the large riv< 
of America, the Oroonoko, the Amazon, and the Meta ; but th^; 
strength of the current, and the depth of the water, prevenj; 
their being caught by the Indians. They see these fish les^ 
frequently than tliey feel electrical shocks from them when swinb) 
ming or bathing in the river. In the Llajios, particularly in, 
the environs of Calabozo, between the farms of Morichal, and^ 
the missions de arriba and de ahaxo, the basins of stagnant wa^ 
ter, and the confluents of the Oroonoko, (the Rio Guarico and^ 
the Cunos of Rastro, IJerito and Paloma), are filled with eletx 
trical eels. We at first wished to make our experiments in the 
house we inhabited at Calabozo ; but the dread of the electii. 
cal shocks of the gymnoti is so exaggerated among the vulgar^' 
that during three days we could not obtain one, though thcyj 
are easily caught, and though we had promised the Indians twiK 
juastres for ever^ -"^ vigorous iish. , 

Impatient of *'ig obtained very uncertain re- 

sults from an ele id been brought to us alive, but 

much enfeebled, he Cano de liera, to make oup, 

e^qwriments in th borders of the water itself. >Vet 
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setoff on the I9Lh of Mai-cli for the village Rastro de ahaxo; 
thence we were conducted to a elream, wliich, in tlie lime of 
drought, forms a basin of muddy water, surrounded by fine trees. 
To catcli the g;^'mnoti ivith nets is very difficult, on account of the 
extreme agility of the fish, which bury themselves in the mud 
like seqjents. We would not employ the baTbasco, that is to 
say, the roots of the Fiscidea erithryna and Jacquinia wmillaris, 
which, when thrown into the pooE, intoxicate or benumb th^e 
animals. These means would have enfeebled the gynmoti ; the 
Indians therefore told us, tliat they would " fish with horses,"" 
We fmniil it difficult to form an idea of this extraordinary man- 
ner of fishing; but we soon saw our guides return from the sa- 
vannah, which they had been scouring for wild horses and 
mules. They brought about thirty with them, which tliey 
ibrccd to enter the pool. 

The extraordinary noise caused by tlie horses' hoofs makes 
the fish issue from the mud, and excites them to combat. These 
yellowish and livid eels, resembling large aquatic serpents, swim 
on the surface of the water, and crowd under the bellies of the 
horses and mules. A contest between animals of so different 
Hn organization furnishes a very striking spectacle. The In- 
diana, provided with harpoons and long slender reeds, surround 
Jhe pool closely ; and some climb upon the trees, the branches 
of which extend horizontally over the surface of the water. By 
their wild cries, and the length of their reeds, they prevent the 
horses from running away, and reaching the bank of the pool. 
The eels, stunned by the noise, defend themselves by the re- 
peated discharge of their electric batteries. During a long time 
they seem to prove victorious. Several horses sink beneath the 
violence nf the invisible strokes, which they receive from all 
sides in organs the most essential to life ; and stunned by the 
force and frequency of the shocks, disappear under the water. 
Others, panting, with mane erect, and haggard eyes, express- 
ing anguish, raise themselves, and endeavour to flee from the 
storm by which they are overtaken. They are driven back bv 
the Indians into the middle of the water; but a small number 
succeed in eluding the active vi^ance of the fishermen. These 
regain the shore; stumbling at every step, and stretch them- 
^vea on the sand, exhausted with fatigue, and their limbs be- 

labed by ihe electric shocks of the gjtfltioXv 
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In less tiiaii five minutes two horses were drowned. The 
eel, bang five feet long, and pressing itself against the belly <^ 
Ae hcNTses, makes a discharge along the whole extent of its elec* 
trie oigan. It attacks at once the heart, the intestines, and the 
pleMue cceUacue of the abdominal nerves. It is natural, that the 
effect felt by the horses should be more powerful than that pro- 
duoed upcMi man by the touch of the same fish at only one ci 
im extremities. The horses are probably not killed, but only 
stunned. They are drowned from the impossibility of riang 
amid the prolonged struggle between the other horses and the 



We had little doubt, that the fishing would terminate by 
killing successively all the animals engaged; but by, d^rees 
the iaapeti^o^ity of this unequal combat diminished, and the 
wearied gymnoti dispersed. They require a long rest*, and 
abundant nourishment, to repair what they have lost of galva. 
ine force. The mules and horses appear less frightened ; their 
inaoai jBU*e no longer bristled, and their eyes express less dread. 
The gymnoti approach timidly the edge of the marsh, where 
fhey are taken by means of small harpoons fastened to long 
cords. When the cords are very dry, the Indians fed no shock 
in railing the fish into the sir. In a few minutes we obtained 
five large eels, the greater part of which were but slightly wound* 
0d. Some were taken by the same means toward the evening. 

The temperature of the waters in which the gymnoti habitu* 

ally live, is about 86° of Fahrenheit, Their electric force, 

^ 1$ said, diminishes in colder waters. The gymnotus is the 

largest of electrical fishes. I measured some that were from five 

feet to five feet three inches long ; and the Indians assert, that 

fbey have seen them still longer, We found, that a fish of three 

^et ten inches long weighed twelve poijnds. The transverse dia.. 

fneter of the body was three inches five lines. The gymnoti of 

Cano de Bera are of a fine olive-green colour. The under part 

pf the head is yellow, mingled with red, Two rows of small 

jr^llow spots are plac ^ metrically along the back, from the 

^^»d to the end of ery spot contains an excretory 

j^r^rture. In coiise of the animal is constantly 

.^ The Indians assured \oi*«i at^ TnaAa v>. V^a. >?*i^ ^yi^ 

iatQ the scunc Xift w:^i4 ^'^^ 
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covered unth a mucous matter, which, as Volta has proved, con- 
ducts electricity twenty or thirty times better than pure water. 
It is in general somewhat remarkable, that no electrical fish, yet 
discovered * in the different parts of the world, is covered witk 
scales. 

It would be temerity to expose ourselves to tlie first shocks 
of a very large and strongly irritated gymnotus. If by chance 
you rec^ve a stroke before the fish is wounded, or wearied by a 
long pursuit, the pain and numbness are so violent, that it is iim 
posdble to describe the nature of the feeling they excite. I do not 
remember having ever received from the discharge of a large Ley- 
den jar, a more dreadful shock than that which I experienced by 
imprudently placing both my feet on a gymnotus just taken out 
of the water. I was affected the rest of the day with a violent 
pain in the knees, and in almost every joint. To be aware of 
the difference, which is sufficiently striking, that exists between 
the sensation produced by the pile of Volta and an electrical fish, 
the latter should be touched when they are in a state of extr^Die 
weakness. The gymnoti and the torpedoes then cause a twit- 
ching, which is propagated from the pait that rests on the 
electric organs as far as the elbow. We seem to feel at every 
stroke an internal vibration, that lasts two or three seconds, and 
is followed by a painful numbness. 

Gymnoti are neither charged conductors, nor batteries, nor 
electromotive apparatuses, the shock of which is reqrived every 
time they are touched \^-ith one hand, or when both hands are 
applied to form a conducting circle between two heterogeneous 
poles. The electric action of tlie fish depends entirely on its 
will ; whether because it does not keep its electric organs al- 
ways charged, or by the secretion of some fluid, or by any 
other means alike mysterious tx> us, it be capable of directing dve 
action of its organs to an external object. We often both tried^ 
both insulated and uninsulated, to touch the fish, without feel- 
ing the least shock. When Mr Bonpland held it by the head, 
or by the middle of the body, while I held it by the tail, and, 
standing on the moist ground, did not take each other^s hand. 



• We yet know with certainty only seven electrical fishes : Torpedo narke, Ris- 
80, t animaculata, t. mannorata, t, galvanii, Silurus elcctricus, Tetraodon elcctricus, 
Gynuiotva tlectricus. 
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cme of us received shocks, which the other did not feel. It de- 
pends upon the gymnotus to act toward the point where it finds 
itself the most strongly irritated. The discharge is then made 
at one point only, and not at the neighbouring points. If two 
persons touch the belly of the fish with their fingers, at an inch 
distance, and press it simultaneously, soioetimes one, sometimes 
the other, will receive the shock. In the same manner, when 
one insulated person holds the tail, and another pinches the 
gills, or pectoral fin, it is often the first only by whom the shock 
is received. It did not appear to us, that these differences 
could be attributed to the dryness or dampness pf our hands, 
or to their unequal conducting power. The g3rmnotus seemed 
to direct its strokes sometimes from the whole surface of its 
body, sometimes from one point only. 

Nothing proves more strongly the faculty which the gjmna. 
tus possesses, of darting and directing its stroke according to 
its will, than the observations made at Philadelphia, and re- 
cently at Stockholm, on gymnoti rendered extremely tame. 
When they had been made to fast a long time, they killed from 
afar small fishes put into tlie tub. They acted at a distance ; 
that is to say, their electrical stroke parsed through a very thick 
stratum of water. We need not be surprised, that what was ob- 
served in Sweden, on a single gymnotus only, we could not see 
on a great number of individuals in their native country. The 
electric action of animals being a vital action^ and subject to 
their will, it does not depend solely on their state of health and 
vigour. A gymnotus, that has made the voyage from Surinam 
to Philadelphia and Stockholm, accustoms itself to the impri- 
sonment to which it is reduced ; it resumes by degrees the same 
habits in the tub which it had in the rivers and pools. An elec- 
trical eel was brought to me at Calabozo, taken in a net, and 
consequently having no wound. It ate meat, and terribly 
frightened the little tortoises and frogs, which, not knowing the 
danger, placed themselves with confidence on its back. The 
firogs did not receive the stroke till the moment when they 
touched the bo^^' '^^ the gymnotus. When they recovered, 
they leaped oi ' ; and when replaced near the fish, 

they were frig i^ht only. We then observed no- 

thing that indl at a distance ; but our gym no- 
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one of us received shocks, which the other did not feel. It de- 
pends upon the gymnotus to act toward the point where it finds 
itself the most strongly irritated. The discharge is then made 
at one point only, and not at the neighbouring points. If two 
persons touch the belly of the fish with their fingers, at an inch 
distance, and press it simultaneously, sometimes one, sometimes 
the other, will receive the shock. In the same manner, when 
one insulated person holds the tail, and another pinches the 
gills, or pectoral fin, it is often the first only by whom the shock 
is received. It did not appear to us, that these differences 
oould be attributed to the dryness or dampness pf our hands, 
or to their unequal conducting power. The gjrmnotus seemed 
to direct its strokes sometimes from the whole surface of its 
body, sometimes from one point only. 

Nothing proves more strongly the faculty which the gj^mno. 
tus possesses, of darting and directing its stroke according to 
its will, than the observations made at Philadelphia, and re- 
cently at Stockholm, on gymnoti rendered extremely tame. 
When they had been made to fast a long time, they killed from 
afar small fishes put into the tub. They acted at a distance ; 
that is to say, their electrical stroke parsed through a very thick 
stratum of water. We need not be surprised, that what was ol>- 
served in Sweden, on a single gymnotus only, we could not see 
on a great number of individuals in their native country. The 
electric action of animals being a vital action^ and subject to 
their will, it does not depend solely on their state of health and 
vigour. A gymnotus, that has made the voyage from Surinam 
to Philadelphia and Stockholm, accustoms itself to the impri- 
sonment to which it is reduced ; it resumes by degrees the same 
habit&in the tub which it had in the rivers and pools. An elec- 
trical eel was brought to me at Calabozo, taken in a net, and 
consequently having no wound. It ate meat, and terribly 
frightened the little tortoises and frogs, which, not knowing the 
danger, placed themselves with confidence on its back. The 
firogs did not receive the stroke till the moment when they 
touched the body of the gymnotus. When they recovered, 
they leaped out '^ • and when replaced near the fish, 

they were fright it only. We then observed no- 

thing that indio) it a distance ; but our gym no- 
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one of us received shocks, which tlie other did not feel. It de« 
pends upon the gymnotus to act toward the point where it finds 
itself the most strongly irritated. The discharge is then made 
at one point only, and not at the neighbouring points. If two 
persons touch the belly of the fish with their fingers, at an inch 
distance, and press it simultaneously, sometimes one, sometimes 
the other, will receive the shock. In the same manner, when 
one insulated person holds the tail, and another pinches the 
gills, or pectoral fin, it is often the first only by whom the shock 
is received. It did not appear to us, that these differences 
oould be attributed to the dryness or dampness c^ our bands, 
or to their unequal conducting power. The gymnotus seemed 
to direct its strokes sometimes from the whole surface of its 
body, sometimes from one point only. 

Nothing proves more strongly the faculty which the gymno- 
tus possesses, of darting and directing its stroke according to 
its will, than the observations made at Philadelphia, and re- 
cently at Stockholm, on gymnoti rendered extremely tame. 
When they had been made to fast a long time, they killed from 
afar small fishes put into tlie tub. They acted at a distance ; 
that is to say, their electrical stroke parsed through a very thick 
stratum of water. We need not be surprised, that what was ob- 
served in Sweden, on a single gymnotus only, we could not see 
on a great number of individuals in their niative country. The 
electric action of animals being a vital action, and subject to 
their will, it does not depend solely on their state of health and 
vigour. A gymnotus, that has made the voyage from Surinam 
to Philadelphia and Stockholm, accustoms itself to the impri- 
sonment to which it is reduced ; it resumes by degrees the same 
habits^in the tub which it had in the rivers and pools. An elec- 
trical eel was brought to me at Calabozo, taken in a net, and 
consequently having no wound. It ate meat, and terribly 
frightened the little tortoises and frogs, which, not knowing the 
danger, placed themselves with confidence on its back. The 
frogs did not receive the stroke till the moment when they 
touched the body of the gymnotus. When they recovered, 
they leaped out of the tub ; and when replaced near the fish, 
they were frightened at its sight only. We then observed no- 
thing that indicated an action at a distance ; but our gyrano- 



ofcaichhi£ them hy means of Wild Hoises. M7 

tus, recently taken, was not yet sufficiently tamed to attack and 
devour frogs. On approaching the finger, or met^lic points, 
within the dislance of half a line from the electric organs, no 
shock was felt. Perhaps the animal did not perceive the neigh- 
bourliood of this foreign Iwdy ; or, if it did, we must suppose 
iJiat the tiniiiiity it felt in the commencement of its captivity, 
prevented it from darting forth its energetic strokes, except 
when strongly irritated by an immediate contact. The gymno- 
tus be'mg immersed in water, I approached my hand, both 
armed and unarmed with a metcil, within the distance of a fev 
lines from the electric organs ; yet the strata of water transmit- 
ted no shock, while IVfr Uoiipland irritated the animal strongly 
by an immediate contact, and received some very violent shocks. 
If I had plunged the most delicate electroscopes we know, pre- 
pared frogs, into contiguous strata of water, they would no 
doubt have felt contractions at the moment when tlie gymnotus 
seemed to direct its stroke elsewhere. 

The electrical organ of the gymnoti acts only under die im- 
mediate influence of the brain and the heart. On cutting a very 
vigorous fisli through the middle of the hotly, the fore i>art a- 
lone gave mc shocks. The shocks are equally strong, in what- 
ever part of the body the fish is touchetl ; it is most disposed, 
however, to dart them forth when the pectoral fin, the electri- 
cal organ, the lips, the eyes, or tlie gills are pinched. Some- 
times the animal struggles violently with a person holding it by 
the tjul, without communicating the least shiK'k. Nor did I feel 
any when I made a slight incision near the pectoral fin of the 
fisli, and galvanized the wound by the simple contact of two 
pieces of zinc and silver. The gymnotus bent itself convulsive- 
ly, and raised its head out of the water, as if terrified by a 
sensation altogether new ; but I felt no vibration in the hands 
which hekl tlie two metals. The most violent muscular move- 
ments are not always accompanied by electric discharges. 

The action of the fish on the organs of man is transmitted 
and intercepted by the same bodies that transmit and intercept 
die electrical current of a conductor charged by a Leyden vial, 
or Volta's pile. 

In wounded gymuoti, which give feeble but very equsl 
shocks, these shucks appeared to us constantly stronger on 
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^^^klGhing the Iwdy of the Itsh with a hand armed with metal, 
^^Hkn with the naked liand. Tlicy are stronger al«o, wlien, in- 
stead of touching the fish with one }iand, naked, or armed with 
metal, we press it at once with both hands, either naked or 
armed. These differences, I repeat, become sensible only when 
you iiave gyiiinoti enough at your disposal, to be able to choose 
the weakest; and the extreme etjuaUly of the electric dischar- 
gea admits of distinguishing between the sensations fell alter- 
nately by tlic hand naked or armed with a metal, by one or 
both hands naked, and by one or both hands armed with metal. 
It is also in the case only of small sliocks, weak anil unifonn, 
that the shocks arc more sensible on touching tlie gyinnotua.. 
with one band (without forming a chain) mtli zinc, than witltj 
copper or iron. 
^^^^vtResinous substances, gloss, very dry wood, bom, and ( 
^^Hpifpes, which ai'e generally believed to lie good conductors, pret* 
^^B vent the action of the gjTnuoti from being transmitted to n 

I was surprised at not feeling the least sliock on pressing wet sticks' 
of seaiiug-wax against the organs of tlie fish ; while the sami 
mal gave nie the most violent strokes, wlien excited by r 
of a metallic rod, Mr Bonpland received shocks when carry^ 

i|lg a gymnotus on two eords of the fibres of the palm 

which appeiU'ed to us extremely dry. A strong discharge make* 
its way tlirough very imperfect conductors. Perhaps also t 
obstacle which the conducting arc presents, renders the di*- 
charge more painful. I toueheil the gymnotas with a wet ] 
of brown clay without effect ; yet I received violent shocks whes 
I carried the gymnotus in the same pot, because the cootacl 

K« greater. 
When two persons, insulated or not insulated, hold cadi! 
wr's hands, and one of these persons only touches tliD fis^ 
irith the hand, either naked or armed with metal, the sliock ii 
most commonly felt by both at once. It happens, however, i 
so, that, iu the most painful sbfx:ks, the person who comes ij 
immediate contact with the fi&h alone feels the shock. WlieM 
the gymnotus is ex' ' or in a very weak state of cxeitaln^ 

li^, and will no li okes on being irritated with 0~ 
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^e electric shock takes place (inl;' at the will of tlie aminal. 
Two persons, one of whom liolds tht- tail, and the other the 
head, cannot, by joining hand:: and forming a cb^, force the 
gymnutus to dart his stroke. 

In employing very delicate electrometers in a thousand ways, 
insulating them on a plate ot" giajis, and receiving very strong 
shocks, which passed through the electrometer, 1 could never 
discover any phenomeuon of attraction or repulsion. The same 
observation was made by Mr Faliiberg at Stockholm, This 
plulosopher, liowever, has seen an electiic spark, as Walsh and 
Ingenhousz had done before him at London, by placing tlie 
gymnotus in the lur, and interrupting the conducting chain by 
two gold leaves pasted upon glass, and a line distant from each 
other. No person, on the contrary, has ever perceived a spark 
issue from the body of the fish itself. We have irritated it for 
a long time during the night, at Calabozo, in perfect darkness, 
without observing any luminous appearance. 

AitT. W.—i-Ohservationa on Mr Mcngii's Jvcoiint of Ms Minen^- 
logical Journey in Iceland. In a Letter from Sir G. S. Mac-V 
KEVn I K, Bart. F. 11. S. L. and President of the Physical Closs 
of the Itoyal Society of Edinburgh, &c, to Professor Jameson. 
Dkau Si«, 
l.lloTw^T!^sTA^■DlNG Uic numcrous investigations that have 
l)een carried on in volcanic districts by eminent observers, I am 
disposed to think, that many distinctions are yet to be made 
, among volcanic productions, and in the manner of their formation, 
before we ariive at a clear devclapcment of volcanic agency. 
We must understand perfectly what is meant by the word lava, 
the too profuse employment of which has unquestionably left us 
much in the dark. Mr Menge mentions in his letter to you, 
that in one of tlie Westinanna Islands and Eyafialla-Jokiiil (nei- 
ther of which I visited), he observed three different streams of 
lava, separated from each other by layers of trass. Now, it is 
well known, that every stream of lava thalJUues in tlie open air, 
assumes an appearance so rugged, that nottiing is seen at all re- 
sembling whatwc commonly understand by a &£^ which is a moss 
bounded by planes that ore'parallel, or verj ■[^ea.■c\^| «i. ■ftft'was.i 
VOL. II. so. i. Aran 1820. -a. 
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I believe, that all those streams of lava, as they have been called, 
which appear in the form of beds, must have been formed un- 
der peculiar circumstances, which'were calculated to prevent the 
rugged appearance which the surface lava commonly assumes, 
imd to induce that of regular beds. It might be supposed, 
that the rugged surface of lava has been caused by its descending 
along an inclined plane. But much of that which Menge says he 
could not behold without horror, has proceeded over a level 
country ; and I saw many other lavas of the same aspect, in si- 
milar circumstances. To explain the different appearances, I 
suggested the idea of submarine lavas ; and I am still inclined 
to adhet-e to it, and to that of subterraneous lavas also, as best 
calculated to explain the various appearances of trap-rocks, and 
their relation to lava. 

I still doubt, that any lava that has flowed in the open air, has 
assumed the columnar form. All that I saw tending to that form, 
in the Guldbringe Syssel, certainly had not flowed on the sur- 
face in the open air. I have, indeed, seen partial, but feeble, 
tendencies in detached masses to this form, but nothing at all re- 
tenbUng the regular appearance of columnar beds, such as are 
to be seen at Stappen, and in other parts of the SnaefeU Syssel, 
as well as in other parts of Iceland. 

It is highly satisfactory to me to have heard Menge give the 
same opinion that I had formed, with respect to certain rocks 
appearing to have been melted in situ^ and this without his hav- 
ing seen my Observations on the Mineralogy of Iceland. "Whaf, 
he calls a Felspar-lava, is not Greenstone, as you suppose, by 
placing that n^me in a parenthesis. It might, however, have 
been a greenstone previously to the action of heat upon it. 

I confess that I am not able fully to comprehend what 
Menge intended to convey by aqueous volcanoes ; and connect- 
ing, as he does in his letter to you, pseudo-volcanic rocks with 
water, is contrary to the idea we have of pseudo-volcanoes. I 
suspect that when he speaks of having found in his joiuney 
northward, a \ ^^^^matich of true volcanic and pseudo- 

volcanic rocks, xssion as he advanced, not that the 

one was superi ler. When I first saw the ironshot 

trap-tuff, I a ndstone, as many others have on 

looking at the ught to this country from Ice- 

hmd and Faroi a. ^o ivo\. f:a<ck^\^<^T \Jafe «.^i^catibn 
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rf the word Neptunian, jjroper in describing debris brought 
down bj- glaciers. Neptunian, I have always understood to be 
confined to fennations from solution, in contradistinction to 
Plutonian. When 5\Ienge says, " All the members of the 
trap series are arranged (at Skagafiord) almve each other in 
horizontal beds,* and " some may be inclined to view these 
beds as streams of lava, formed at different periods ;" he seenu 
inchned to be of the opinion I have offered in my account of 
Iceland, He appears to consider only one mode of formation 
possible for lava, and not to take into account the effects of 
compression, or those of submarine or subterraneous flow- 
ing. In conversation Menge informed me, that he was per. 
petually puzzled what to think of Iceland ; that he was 
one day tempted to consider tlie whole as of igneous forma- 
tion, as I do ; and on another, that It was partly of aqueous 
formation. He is to return to this singular country ; aiid it is 
very probable that he will at last determine, that it will be bet- 
ter to ascribe the whole formation to one cause. Heat, acting und» 
a variety of circumstances, and occasionally combmed with wa- 
ter, than to insist on the exclusive operation of water in one spot, 
and of heat in another, thus rendering Iceland a vast collection 
of anomalies in gc<jlogy. I will never cease pi-essing you to visit 
Iceland, because I am convinced that no geologist can form 
adequate conceptions of the agency of heat, without having 
seen this, or some country similar to it. 

There is no doubt whatever, that some of the products of the 
hot-springs are in appearance glassy ; and I should not wondeV 
if Obsidian, properly so caCed *, were proved to have had ils 
origin in water extremely hot. 

I do not know what is meant by volcanic water. There is ft 
spot in llie Guldbringe Syssel, in the midst of what Menge 
apdy names the Congealed Pandemonium, where a great quan- 
tity of water rises, and forming a considerable stream, flows a 
' mile t)r two, and is then lost among the la\-a, which he did not 
see. But whether this be what Menge calls volcanic water, I 

" yon are awsre, that I pointed out a. marked dJEtinclion between iwo sub. 
■lancei hitherto indiaciimiiiatel; called Obsidian, and and of tvhicli I propoM la 
name Punuce-glaM, from pumice beiiig formed by melting it, and ibaL nuhitancc 
being «l*a)s found connected with it. Tliey are aisily distmgaialwd Vsj \\\c e^i!;. 
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I ^ not know ; as it Ims no peculiar properties to distinguish ■ 
firom the water of an ordinaiy river. 

lam totaJly at a loss witli respect to his notion of the hot-ipii 
producing lava, basalt, and trap-porphyry. Is it possible 
nasses of these, in a state ofdecomposition, could be mistaken fi 
the act of their formation ? Be lliis as it may, I have always b 
an advotmte for the agency of water strongly heated ; and 1 1 
^ie\-e I am the only Huttonian who has ever pretended, that d 
I £iedaniental principle of oar tlieory. Heat acting under c 

ision, rendered water a most powerful ciiemical agent. 
I of the operations ascribed to your cold Neptunian clement, I n 
I lalways con^der as imaginary ; but those of Plutonic water n 
I it^ve done much, and will yet do more,— as the two elements a 
I juned may probably relieve us of much disputation, and at It 
. finite two theories, which are clearly botli right and both v 
I ^nce the one sometimes explains what tlie otlier docs not. 
Iceland," says Mengc, " we find Volcanic and Neptunian t 
I 4ions conjoined ; the connecUng link between the two (tr 
' liion?) being the Volcaiiic-Neptunian formation, which app 
■to be produced by hot-springs." I feel somewhat affronted iJ 
p-x>ld Pluto has not been invited to jmn the party ; — you will fi 
ijlim below, you may depend upon it, I really did not espi 
iffy be believed in the account I gave of the rocks of Icelsnd, i 
4he time I published it, and I have w^ted inipatiendy for ^ 
I , result of a visit by a Wcmerian. I coultl not desire more t 
I A.what Mcnge has said of the tract I examuied, that, with lid 
' -exception, there is no true Neptunian trap in it. My views n 
aot now be considered as having been taken with a prejudiced e 
I think tliat Menge has attributed more than enough to \ 
hol>«prings, because I consider, that their external dept 
are prol)a;bly as different from the results which occur 1 
.ground, as stream-lava is from what it would have been Y 
i,,,it cooled under a powei-ful compressing force. It is probs 
' --Ihat after he lias seen tlie ivest of Iceland, including Sm 
' iSyssel, he wil' different opinion of tlic relative 

districts. His Volcanic-Neptuiu3 
id his ideas of the veins ■ 
t that when Menge sees the t 
[ that they issue from rocks ti 
iwcerely. 
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Art, VJt.—Acmunt of the Trap mid Clayslaie Forma&on f*- 
tetitKnffJrom Llaiidegly to Builtk in Brecknockshire. In a 
Letter from Dr Gilby jtin. of Bristol, to Protessor Jamusok. 

XXArrEHiNO to pass through Builth three years ago,' I was 
tiiiich surprised to find ihat the hiils in front of the town are 
composed of trap-rocks. Incessant rain at that time prevented 
me frcan making any particular examination of the country j 
but in tlic Slimmer of last year, I had another opportunity of eic- 
ptoring it in company with a friend, to whose activity and acuta 
observations I am much indebted ; and we soon found, that 
these trap-hills form part of a long range, runnipg north-eaet 
and south-west, tlirmigh an estent of eight or nine miles. The 
fimn of tliia chain is irrcgiilar, anti it is difficult to describe it sa 
as to give an adequate idea of its sliape. The northern extre- 
mity is at Llandegly, where it is seen at what are called Lland^- 
gly Hocks. The appearance of the trap here, and in every other 
part of its course, is extremely characteristic. The hills which 
it forms are frequently of considerable height ; and every wheK 
presenting an uniform roundness of contour, thdr outUne u 
generally heavy and ungracefuL TJpon ascending the highest 
part of Ll.indcgly Rocks, the trap may be followed for a mile or 
more, forming a high crest or ridge ; after which, it seems to 
spread itself into several parallel ridges, separated from each 
other by ^'ery distinct valleys, and finally terminates in a hill of 
considerable extent, called Carnctliy, which comes down to 
Llaneiwylh, and upon part of which Mr Thomases house of 
Llandwyth is built. The trap, as far as this part of its course, 
preservBS pretty nearly the direction of north-cast and south- 
west ; but from this spot it seems to run out more t() the west, 
and, crossing the river about half a mile abo\'e the bridge at 
Buikh, spends itsdf in the grownd about Park Weils. I have 
thus described the range of the trap from north to south, which 
must certainly be a distance of eight or nine miles; and its breadth, 
where it is spread out into separate parallel ridges, reckoning 
from Llandrindod Wells its western, to Bettys its eastern flank* 
tannot be less than between four and five miles. 

In general, it is considered interesting in the description of a 
ibrmation, to mention the different varieties of rock of which it 



I a64 Dr Gilby jun. on t?ie Tri^ and Claofslaie 

consists; but, in the present instanco, a particular detail of this « 
'ITOuId bequite unnecessary. Whoever has seen mucli of trap-rc 
must have observed, that, by continually passing into each o " 
Ijiey present the greatest possible diversity of structure. I nei 
was more impressed with this fact, than in traversing the t 
lulls of this district. It was hardly posable to move twer 
yards, without finding the rock exhibit quite a different charac 
ter from that which I had just lefl. Any person will easily a 
tiafy himself of this truth, by examining the hill near the vilJaf 
l]f Llanelwyth, where, from numberless projections, 1 
scarcely obtain two specimens resembling each other, 
•erving, therefore, the mineralogy of this formation, I have a 
kcted such specimens as were characteristic, or which presesita 
way thing singular in their com position, and these I have ti 
■nitted as an accompaniment to the paper *. The rocks that I 
diiefly observed are. Greenstone of every variety, Felspar, Fd| 
Wfoi posBing into homstone, Wacke, Porphyritlc greensb 
and Clinkstone in a quarry near Llandrindod Wells. 
i. The next point of interest regarding the geology of this < 
trict, is the relation which the trap bears to tlie clay-slate fott 
nation ; for the whole of the country, comprehending a very e 
tenuve circuit, is composed of these two rocks. 

In ascending any part of the trap range, we at ono 
diat it is quite shut in by a complete circuit of hills, so that tl 
Soe of the trap formation appears like the diameter of a drcloi 
iniese hills, as we fully ascertained, are composed entirely « 
day-slate, with the exception of subordinate beds of saiidsl 
tinestone, and grey-wacke. At the two extremities of the t 
TO. at Llandegly, and at the end of the range near Builth, i 
cHstance between the trap and the clay-slate is not very g 
but on the sides of the range there is a considerable space o 
level country between them. 

In describing tlie course of tlie clay-slate hills, we may com 
^lence the line from the hills immediately behind Builth, i 
proceed with it onwards to the long continuous ridge runni 
Iputh of, and parallel with the road to Radnor, and which Jt 
known, I beliei 'le name of the Aberedway Rangi 

From Llanvihai ' an, the range is continued r 
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TTonls in. a line north of the viLage of Llandegly to Penny 
Bout. On the west, the circuit is completed by tlie range rnn:- 
ning through Unnear, New Bridge, Llanavon Vach to BuUth. 
Not only is the trap deposit inclosed by this circular range of 
day-slate, but the clay-slate stratiJcation occupies tlie whole of 
the low ground between the hills of the two formations. In 
skirting round the trap, and in examining the quarries and sec- 
tions at the base of tlie tbrmation, we every where fuund it in 
junction with tlie clay-slate. In attaining the Lhindogly rocks 
from the road, the schist appears at the foot of the liill lying on 
the trap, but is soon lost in ascending the hil). The same is 
the case at the outskirts of the ti-ap at Bettys, and, in the road 
to Builth, the clay-slate has in many places lieen cut tluough, 
while immediately to the right is part of the trap range. Near 
Builth, the Wye winds round the trap, while the bed of the 
river is formed of clay-slate. On the road to Llandrindod^ 
there are numerous displays of clay-slate, but by deviating b 
little to the right of the road, the line of the trap is soon reach- 
ed, and at Llandrindod, the high ground above the Wells he- 
longs to the trap, and the plain below is cornposed of clay-slate, 
as may be seen at the small stream near the Hock-house. 

Having thus described the range of the trap, and the mode 
nf its association witli the clay-slate formation, I shall now speak 
of the appearances which present themselves at the junction of 
the trap with the clay»slate. 

So much having been said with regard to the derangement 
of position and alteration of structure produced by trap upon 
the rocks, it was of course an object of primary interest, in so 
extensive a formation as the present, to see as much as possible 
of the contact of the two formations ; but in two places only did 
I meet with any exhibition of the actual junction of the elay- 
fijate with the trap. As far as I can understand, the schist, in 
its proximity to the trap, is either hardened into a complete 
flinty-slate, or else into a soft bituminous rock, a variety indeed 
of the black drawing-chalk. This soft bitinninous slate we fre- 
quendy found in our walks round the trap, but I never found 
it but once in actual junction with the trap. Iq gaining Llan- 
degly rocks from the road, we arrive at an opening near a tavern-, 
hottse at the beginning of the ascent. This opning is in the 
lilack shale, and it must then he nearly contiguous to the trap, 
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«s the aswnt of a few feet hrinfra us dirL-ctly upon a soPt of h»fc 
dencti wackc. In walking from Llandegly rocks to Bettys, 1 
fuund in one or two places the black shale at the foot of the 
range, atid at Bettys, near a mill, there is a c(in«uderable qualW 
tity of it. The etlgcs alwve Llandrindod Wella, is composed' of 
greenstone and clinkstone, hut about half a mile from the WeHri 
near the Rock-house, the black Rhale (if I remember right) it 
seen very extensively. I have foimd it in many other places, 
which it would be needless to mention, and which, in fact, H 
would be dilHctdt to describe, from the want of names to fit 
their locality. I sliall mention two other instances, in speaking 
of the junction of tlie trap with the clay-sIate. This occiir- 
itnce, as I have before said, I only remarked in two placen, odC 
of which is in a quarry near Mr Thomas's house of Pen Carig ; 
the other I ob6er%*ed in the lied of the river. In this quarry t 
great mass of greenstone is exposed, and on one side the day- 
slate is seen resting on it, converted into a highly indnrstaj 
rock. The exact relation which the trap maintains with the 
greenstone is not very evident, as the whole has a very confused 
appearance. Opixjsite to this quarry there is a gate, and after 
passing a little way through it, we coKie to & spot where ait 
opening has been made in the roc:k, nhich is then the black 
schist described above; and here, again, it is evident, that it' 
must lie very near to the trap. 

The second instance where I met with the hardened day- 
date in contact with the greenstone, is in the bed of the riVCT 
rtear Builth, about a mile up the river towards Rhyado^. Hie' 
spot Cannot be missed, as the appearances which present them- 
selves are loo interesting and extraordinary to be mistaken. 
We here see the river broken by projecting mounds of Hjck, 
vhich proceed from both sides of the river, sometimes oppo^ 
U) each other, sometimes jutting out alternately. These tcdget 
ar6 for the most part trap, and every where traverse the slfate^ 
sb that the intervals between them are filled up by the scbist. 
This in fact is the precise point of the trap range above allud- 
ed to, where, having altered its direction to the west, it crossed 
the river before s- ' itself in the f;round about Park Wells. 
I regret eSceedt incapacity for drawing should not' 

havfe enabled ttl presentation of the scene which 
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%e## presents itself, as it is almost impossible to write a faithful 
descriptioi) of it. 

It would be tedious and useless to enter into a particular ac- 
count of the number and composition of the different ledges of 
rock, and of the various appearances observable at each. I shall 
theretore content myself with giving the following remarks. 

The first thing which strikes the attention, is the hardening 
of the clay-slate almost every where, at its unirai with the green- 
stone ; I aay almost every where, for at one spot (I think the 
fourth ledge) the soft Utuminous slate lies immediately upon 
the greenstone. The induration of the clay-slate is seen very 
beautifully at the first of these projecting ledges* of rock, 
where the greenstone is flanked on both sides by a complete 
flinty slate, so that the slate lies over the trap like the roof of 
a house. It is worthy of remark, however, that there is no di^ 
tinct line of separation between the schist and the trap ; on the 
contrary, there is a gradual passing of the greenstone into the 
hardened slate, and it is also curious that the slate, or rather 
the flinty rock, at its actual union with the trap, is not strati- 
fied, the stratificadon being manifest only when a little removed 
from the greenstone. The dip of the slate is every thing that 
is perplexing ; sometimes it lies in a conformable manner upon 
the trap, sometimes it appears to dip under the ledge, as is the 
case at a tongue of rock, (a little above the island in the middle 
of the stream,) where the slate on one aide is dipping under. 
And on the other side stands quite perpendicular. In other 
places, the slate seems shattered ard tiimed about in every di- 
rection, and SCTeral times I obser\'ed large patches of the indu- 
raited schist completely contained in the greenstone. At the first 
tongue of rock there is an example of this sort, and also oppo- 
fflte the island on the Parkwell side of the river. In several 
places wo observe the clay-sIate, as it were, squeezed into the 
trap, and vice versa. 

The effect produced by the greenstone in indurating the clay- 
slatt!, does not extend very far, as it is evident that the space 
between the ledges into which the water flows, has been ori^- 

' ThcfC, and Ihu folloning remarks, refer chiefly lo that f.ide of ihe river ad- 
joining tlic Bhyador road i and by Uie lirsl ledge, I of course mean Ihe nearcal to 
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nally oocupi»l by the soft slate, wliich has been subsequent 

washed away by the flowing of the stream. 

I have said, that most of the ridges projecting into the b 
of the current, are composed of trap. This, however, is not ^ 
ways the case, for there arc several composed of an exce 
hard stratified limestone, occurring in beds in the clay-s 
and which is frequently so hard as not to yield to the knifi 
Two of tliese limestone ridges are seen between the first i 
second great ledge of trap. The limestone is also sometit 
mixed with the trap, as is the case at the third great ledgij 
where the stream runs in a narrow chasm in die trap, 
oak which stands in the middle of the stream. On the noi 
side of this tongue of rock, the slate is mixed witii the lira 
stone in a very curious nay, the limestone having apparentb 
been disruptetl from n regular bed, and appearing in d^tachf 
lumps in the slate. Pligher up, the small island above alludt 
to, is composed of trap mixed with limestone, sometimes afFar^ 
ipg specimens somewhat resembling Verde Antique. 

I have now a few words to say upon the subject of c 
ganic remains. The trap is, as usual, entirely destitute ) 
them. In no instance did I obser\e any thing like a foBul r 
Toaia. in the trap. In different utuations we found tbe claj^ 
Bl^te containing ortiioceratites, trilobites, and curious impre 
sions of a small shell like a limpet. 1 have a very fine c 
thoceratite which I obtained from the clay-slate between TIb 
Three Cocks and Builtli. In the q'jarry in Mr Thomasw 
^xiunds, we found the hardened slate full of trilobite ina 
pressions, which are sometimes very delicate and beautifu], 
The fossil is quite different from the Dudley one, and precise 
the sanie as that which I have seen from the clay-state in o 
parts of Wales. The limestone and sandstonp which occur a 
beds in the slate, likewise contain organic remains. In 1 
sandstone I have frequently seen nests of a peculiar kind ( 
beaked anomia ; and we generally found the limestone crowde^V 
with madrepores, tubipores, srpall bnuiches of coral, and sevesT 
ral kinds of shells, most of which might readily be identified 
with those found ■" *'■ ■ Dudley limestone. In liict, from t 
nature of the oi ' ^ alone, it is impossible for a mo^ 

Dient to heatate the formations above describe 

» belongmg to t ies. 
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In common routine, the sequel to the history of a trap for- 
mation, should he some attempt to reconcile the appeai^iices I 
have described lo one or other of the two prevailing theories ; 
but as I have not the least interest in the inquiry, whether tlie 
earth was funned by fire or by water, I shall abstain from any 
discussion on tlie subject. I would merely wish to observe, 
that the hardening of the clay-slate in the neighbourhood of 
the trap, and the intermixture of the two formations, may be as 
well expluned, from the way in which the consolidation took 
place, as upon the Huttonian notion of subsequent violence. 
I am aware, that the induration of the clay-slate, and the ap- 
pearances of disruption in the adjacency of the trap, will be 
claimed by the Huttonlans, as a fresh verification of their 
theory ; but the impartial geolog^t will Immediately reflect, that 
if the induration of tlie clay-slate had resulted from the agency 
of fire, the same effect ought always to have taken place ; but I 
have alluded to one spot where the soft clay-ilate lies in contact 
with tlie trap. In fact, from any thing I saw to the contrary, 
the opposite opinion may be maintained with equal probability, 
—that the trap is the more ancient formation, — that the clay-slate 
had been deposited around it,^^nd that the disturbance and 
eccentric appearances observable at the foot of the range, were 
the effects of a particular kind of attraction in the crystallizing 
mass naturally ensuing, where one formation ceased, and ano- 
ther began. 

There is one fact which will hardly be looked for, according 
to cither theory. In crossing over from Llandrindod to Bettys, 
I found an opening in the very midst of the trap deposit en- 
tirely of clay-slate. 



Akt. VIII. — Description o^' a New Perspective Machine *. By 
the late James Watt, Esq. LL.D. F. It. S. Lgnd, and 
Edin. Member of the National Institute of France, and of 
the Batavian Society of Rotterdam. 

Jl. HE perspective machine was invented about IJGS, in conse- 
quence of my friend Dr James Lind having brought from Iik 

* The Editor i* in poMcssion of ona of t^ieae machines, presented to hinj by 
Stf Watt, and conatnlMcd by himscir. 
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dia a machine invented by an English gentleman there, I be- 
lieve a Mr Hurst. It consisted of a board fixed on three legs 
perpendicularly, upon which, close to the bottom and near the 
ends, were placed two small friction wheels, upon which a hori- 
zontal ruler rested, and could be moved endwise horizonlally. 
This ruler was about twice the length of the board. On the 
middle of this ruler was fixed perpendicularly another nder, 
reaching a little above the upper edge of the board; and in this 
last ruler there was a groove, similar to that of the slip of a 
eUding rule, which was also, like that, furnished with a slider, 
made to move freely up and down in it ; and the upper end be- 
ing pointed, served for an index. 

In tlie bottom of the groove in the perpendicular ruler, there 
was a slit cut quite through the ruler, nearly from one end to 
the other. In the lower end of the slider was fixed a pencil, the 
point of which reached quite through the ruler to the paper to 
be drawn upon, which was stretched upon the board. An arm 
projecting forwards was fixed to one of the upper comers of the 
board (I do not remember how), and upon its end nearest the 
draughtsman, it carried a sight or eye-piece, consisting of a 
small piece of metal with a hole in it ; and this eye-piece was 
elevated about half the width of the board above its upper 
edge. The rulers, sliders, &c. were made of brass, and were 
consequently heavy, but tliey moved easily on tlie pullies or fric- 
tion wheels. 

In using the machine, the Iraard being placed at right angles 
to a line supposed to be drawn from the middle of the object 
which was to bo delineated, and the sight atljusted so as to ^ve 
a proper scale, the socket of tlie pencil was taken in the hand, 
the eye applied to the sight, and the index or acute top of the 
shder was mode to travel over the Knes of the object to be ddi- 
neatcd, which it was enabled to do by a composition of the hori- 
zontal motion of the lower ruler on the wheels, and tlie perpen- 
dicular motion of the shder on the upright ruler. The pencil 
then described the lines upon the paper, 

This instrument very readily described perpendicular or hori- 
zontal lines, as these ac-corded best with its natural motions ; but 
in diagonal or curved lines, it was difficult to make the index 
follow them exactly, and the whole motions were heavy and 
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embarrassing to the hand, and the instrument itself also waa 
heavy and too bulky, 

I wished to make a machine more portable and ea^tir In its 
use, and at the suggestion of my fiiend Mr John Robison, (af- 
terwards Professor Bobison), I turned my tliouglits to the 
douUe-parallcl ruler, an instrument then very httlc known, and, 
I believe, not at all used. After some reflection, I contrived 
the means of applying it to this purpose, and of making the um- 
chlne extremely light and portable. 

The machine consisted of a box, about an inch and ahaff 
deep on the outside, 13 inches long, and 5 inches wide, and 
hinged so, that when opened it formed a flat board, A, B, Plate 
VII. fig. 7. and 8., of 13 inches long and 10 inches wide, on 
which the paper was stretched. It was kept open by means of 
three legs, C, C, C, which were fastened to the back part of it, and 
served to support it at a proper height. From the right hand 
upper corner of this box or board, a jointed arm, DE, project- 
ed forward to carry the eye-piece or sight, F, which could, 
by means of the joints, be adjusted higher or lower, nearer to or 
farther from the board, as might be required. To the lower 
edge of the board were attached two tliin slips of wood, G, G, 
10 inches long and 10 inches apart, and to the lower ends of 
these slips was attached the lower side of a double parallel 
ruler, H, I, K, every member of which was 10 inches long 
between centres ; so that when fully open, it formed two 
squares, joined by one ade of each, and in other states formed 
lozenges, or rhombuses of different degrees of obliquity. This 
double parallelogram was formed partly of thin slips of wood, 
H, I, K, and partly of brass much bamracr-hardened, and all 
very light. 

To the middle, K, of the upper side of the higher parallelo- 
gram was fixed, at right angles upwards, another slip of wood, 
I., about 11 inches long, and ending in a brass point, which 
served for an index, which, by the construction, could be mov- 
ed equally easily in every direction, and with very little friction, 
and at the same time all the positions of the rulers were always 
parallel to each other. A pencil, pressed upon by a spring, was 
lixed in the junction of the perpendicular shp or index at K. 

A paper being stretched upon the board, and the sight being 
moved to a proper distance from tW \»oo.ti, gjiivetaSi.'j sioavA 
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■is inches, the hand being applied to the pencil socket, (fbr d 

pencil was not pressed upon by the iiuiid), the upper pointJi 

'the index was led along the lines of the objects intended to h 

id^ineated ; and when perpcndicul.ir lines oa-urred, the i 

■dex pointing to the upper end of them, llic finger of the I 

tiand being applied to the board touching the pcrpendicu] 

Wip, and the peni'il drawn downwards, tlie line would 

] 'strmght, and in the same way the horizontal slip served as«j 

L -guide for horizontal lines. All others were drawn by the e 

i ^jguidlng the index, and, if the paper was smooth, could be drawl 

.'Tery correctly. 

The whole of the double parallelogram and its attached slip) 
:(which latterwcre contrived to be easily separated from the board|^ 
J "were made capable of being readily folded up, so as to occu[| 
I ^^bnly a small space in the box, formed by tlie board wlien foil 
I W up. The sight-piece also folded up, and readily found & 
I '^[dace in the box, which also contained screws for fixing on ti 
j& of the instrument, and the box, when shut, could be p 
i Snto a great-coat pocket. The three legs were made of tinw 
ren, tapering, and every one a httle smaller llian another, 
Slat they went into one another, and formed a walking s 
|i%bout 4^ feet long. 

I made many of these instruments about the time j 

P "tkmed, perhaps from fifty to eighty ; they went to various p 

'of the world. Among other places several went to Londt 

where George Adams senior copied and made them for sale. 
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X O explain i his Map, I may begin at the ' , 

and west with v, which is that called Cussay t 

Mr Arrowsmid "ly Major Hennell, its capital bG 

ing Manipur. imcs, however, are used by t' ' 
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natives rf the country, who call thcinselres Moitay, AltJiough 

' the princes of this country claim a descent from Babhrubohan* 
the son of Arjun, by Ulupi, daughter of the Devil, that is, of a 
woman who was not by birth a Hindoo ; and although thedium 
to this most ancient descent is admitted as true by all Hindus, 
and mentioned in their records ; and although the Moitay are 
worshippers of Vishnu, yet tlieir language seems to me radical- 
ly distinct from the Sangskrita, and their features entirely re- 
semble those of the other inhabitants of the Farther Peninsula. 
Beyond Kasi, the Mranmas place to the west Akabat, whicli we 
call Kachar, and to tlje north Tsehka, which we call Asam ; 
and tliese may be considered as dearly belonging to the penm- 
sula, although not included in this map, and although tlie 
natives of both countries now use the dialectiof Bengal. 

The country of the Kasi Shan^ on the upper part of the 
Khisenduaen river, is not mentioned by Major Rennell ndr by 
Mr Arrowsniith, in his Map of Asia ; but is slightly noticed by 
the latter, under the name of Nora, in the Map of Asam, pu- 
blished along with that of Hindustan, from materials which I 
furnished. Nora, or the country of the Kasi Shan, when I was 
at Ava, was tributary to the King of the Mranmas, but had 
princes of its own of the same family with the dynasty which 
tlien governed Asam. The natives speak a dialect very little 
diifefeiit from that of Siam, and call themselves Tay Loun ; for 
the race called Shan by the Mranmas coJl themselves Tay, and 
J^oun is the specific term for this portion of that extended race. 
By their neighbours of Kasi or Moitay, this kingdom is called 
Bong, 

South from the Kasi Shan is the country of the lo or Yo, a 
branch of the Mranma race, which occupies chiefly a territory 
on the banks of the Yowa, between two chains of hills, the 
mount^ns of the Khiasn on the west, and that called Dankhii 
on the east. The latter is of little elevation, and ends on the 
lErwadi, a little below Pugan. The streams from the west side 
of the Kliiasn mountains run towards Arakan. 

ITie mountains of the Khiasn, above mentioned, are siud to 
be of great extent and considerable elevation, and are occupied 
chiefly by the tribe called Khiten, from between tlie 12th .and 

, ,J^ degrcet of north latitude, to between the 18th and I9th» 
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l^t u, for about 460 uules ; but the breadtli occupied by tBJH 
People is in a small propordoa to the length. The £hi^n loinH 
fpe of the rude original tribn^ of the peainsula, and the grea|b9 
p part is entirely independent of any more cultivated racejM 
^t tbcee who live towards the south are exposed to the ituxtaajH 
^ad coutmercial oppres^ons of the Mranmas, and submit to^| 
JUsiited obedience. Both sexe« of this tribe are distingui^ed Ifjfl 
^ving their faces, as well as llieir bodies, tatooed, to use a teoH 
fl£ the Soutli Sea islanders, now common in our language. T^J 
^Uiiaen have made more advances in nianutiiclure than any otufl 
fif the rude tribes of the Farther Peninsula, and weave ^flH 
j^oths diat are in liigli request at the court of Ava. m 

farther west than the independent Khi^en, but not meationoH 
in tliis Map, a very large space is occupied by the most warli^f 
and extended of tliese rude tribes, which is called Laeu^h ^H 
the Mramnas, a name changed by tlie Bcngalese into Ijiuglfl^l 
but among these Hindus, this rude tribe is more commonly c^^| 
ed Kungky Kooky, or, as Sir William Jones wrote, Cuci. M(J| 
of this tribe, however, with whom I have conversed, called Oienfl 
selves Zou, and their territones extend close to Matiipur a ^gj 
£achar. Some of tlieir chieis seem to be possessed of a lit^fl 
power, and on predatory excursions can bring several thousaiip 
juen to the iield. 

South from the LEcngath or Cuci, and we*st from the Klxeiff 
that have become tributary to Ava, is the country called I 
haiD, a name which has been corrupted by various people 
Koang, Roshawn, Aracan, &c. This, howe\'er, is rather I 
vulgar name of the capita! Uian of the people, who, by those g 
Ava, are called Great Mraiuuas, as being the ori^nal source 
the whole race. The people of Rakhain, however, write t 
,oame Mararaa, making it consist of three syllables, while 
;^athography of Ava it has only two, and the R in their i 
..nunciation is changed into Y or J. From the nar 
go, Moghi or Mug, ^ven by the Portuguese, and, perhaiH 
Low Bengalese, ' Ttakhain, Dr Leydcn imagined this to-a 
the Magafllia t ivriters, as if the prindpal Idi^flj 

in India or Bh -een situated in an obscure o 

of the Farther not on the banks of the Gan^ 

This part of th efective, the towns called^ 
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and Monaun being on two islands, and not on the Continent. 
The kingdom of Rakhain, now subject to Ava, has at times 
hem very powerful, and has extended all over the western por- 
tion of die peninsula ; for besides numerous rude tribes, and 
wvend petty chiefs of Hindu origin, it had -subjected the Sak- 
IM8 or original inhabitants of Chatigang, the Tripuras, who in- 
habited the eastern bank of the Brahmaputra in the lower part 
of its course, and the Asam, who held both sides of this great 
river higher up in its course. 

East ftom the southern part of the Rakhain country, between 
it and the territory of Ava and Pago, we have a mountainous 
tract, occupied by a rude tribe called Karaen by the Mranmas^ 
and probably the original inhabitants of all the country east frodi 
thrice to the frontier of Siam. The woods every where on the 
hills between Prin and Taunu, and south from thence to the sea, 
are occupied by these simple people, who carry on most of the 
cultivation, and supply the wants of the Mranmas and other in- 
habitants of the towns : so that between Prin and Rangoun, I 
scarcely observed any cultivation, but what was the labour of the 
B^arflsn, 

East from the southern part of the mountains occupied by 
the Khisen and Karaen, is the country of the people by the 
Mranmas called Taiwan, and by themselves Mon. By Euro- 
peans this country is called Pegu, from its capital, the Pago of 
the Mranmas, several of whose monarchs have resided in this 
rity, and the Mranmas now form a large proportion of the 
whole inhabitants of the country, many of the Talain or Mon 
having retired to the kingdom which we call Siam, where they 
are much encouraged, their men being eminent for acuteness of 
understanding, and their women for agreeable manners. 

North from the countrv of the Talain, on both sides of the 
Erawadi and Khiaendusen, is the proper country of the Mran- 
mas, who, for two centuries past, have in general been the most 
powerful nation in the peninsula ; but acknowledge a descent 
from the Mranmas of Rakhsun. Their country by Euro- 
peans is commonly called the Kingdom of Ava, from a cor- 
rupt pronunciation of ^nwa, the vulgar name for the ca^ 
pital ; and the names Mranma, Burma, Birma and Brahma, 
ctiea given to the nation, are all probably corruptions of Mara- 
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mttj used by the people of Rakhain, &om whom, a»I huve saidy 
dxose of Ava derive their origin. Brahma is the oorruptioii of 
Ais name commonly used by the natives of Hindustan ; and I 
suspect that Dr Leyden was totally misinformed, wh^i he con- 
adered the Sangskiita word Yarma as the name of this people. 
Sisveral Hindu princes have used Yarmaas a title ; but the most 
celebrated persons of this name were not a nation, but a dynas- 
ty, governing the impure tribe of Kirata or Kichak, and who 
Ibng held Nepal, and conquered several countries in the mxth 
end east of Bengal. It is posrible that some of these princes 
raiay have penetrated to Rakhain, and from thence to Ava ; 
but, unless we knew Dr Leyden'^s authority, much reliance can- 
not be placed on his authority, as he evidently was but slight- 
ly mf(»ined on the subject, did not know the name by which 
the people of Ava call themselves, and gave them one, Yarma, 
which no combination of their letters will express. The term 
Birman Empire, given to the kingdom of Ava by my late 
worthy friend Symes, is the Persian plural of Birma, one of the 
vulgar corruptions of Marama, he having corresponded with 
the government of Ava in the Persian language. The original 
inhabitants of the Mranma country, before the Chinese inva- 
feion, were probably Khisen, as the Mranmas still retmn the cus- 
lom of tatooing on their legs, although they do not disfigure 
their faces with this attempt at c^nament. 

Every where on the north and east, the proper country of the 
Mranmas, is bounded by districts occupied by the people which 
they call Shan, but who call themselves Tay. From the Mran- 
ma word Shan, through the Portuguese orthography, is no 
doubt derived Siam, the name we give to the most distinguish- 
ed nation of this race* I have already mentioned another na- 
tbn of the same, the Tay Loun or Ka^ Shan. East from 
diis people, on both sides of the Erawadi, between the Mran- 
mas and Chinese, and extending from thence far south between 
the Mranmas and the Saluen river, is a numerous people of the 
same race, governed by many hereditary chiefs called Zabuas, 
and tributary to Ava. By the Mranmas this branch is called 
Mrelap Shan or Shanwa, and the king of Ava, among his titles, 
usually assumes that of Sovereign of the nine provinces of Shan 
(Ko-shan-pri,) meaning the nine chief provinces of the Shanwa, 
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that pay him tribute. There can be little doubt tliat this is 
the aanie country witli that in the Universal History, p. 153. 
called Ko-sang-pyi, the R in Koshanpri being sounded exactly 
like Y. According to the Universal History, Kosangpyi lies 
west from the northern Laos, and has on its west again the great 
forest of Fahimapan, which is no doubt the mountainous ridge, 
that, rising on the banks of the Erawadi, half way between 
Ava and Bhannio, on the frontier of Ciiina, runs south, a little 
inclining to east, until it approaches the sea at Moutama or Mw- 
taban, and Beparates the country of the Mranmaa from that of 
the Shanwa. Where I saw this ridge, near Amarapura, it ap- 
pears to be of a considerable height, probably 4000 or 5000 feet 
perpendicular; but several rivers pass through it, and there are 
many passages for troops, so that it does not seetn to form a 
boundary of strength. In this country of Kosangpyi, the au- 
thors of the Universal History, p. 136. justly place the Tay-yay 
or Great Siammese of Lou here, and probably tlie Kalaminham of 
Mendez Pinto, who went to thq court of its king in 1546, when 
the whole of the Shanwa cities were probably united under one 
native prince ; but they have now been long subject to Ava, 
and governed by petty princes called Zabuaa. 

In the south-west comer of the territory occupied by the Shan- 
wa, is a large hilly tract occupied by Kara;n, who, in 1795, re- 
jected the authority of the King of Ava, and bordered on tlie 
country of the Talaln. These retain the primitive rudeness, 
and were more protected by the forests and fastnesses which 
they held, than by their skill or energy in the use of arms. 

South from the east end of tlie Talaln country, is that 
by the Mranmas named Breit or Byeit, which in the map 
occupies a small spatre, but in reality is of considerable dimen- 
raons, extenchng along the sea-coast from about the 10th to 
the 16th degree of north latitude. The Breit of the Mranmas, 
as appears from their language, are of the same race with these 
conquerors, but were long subject to Siam, although ihey now 
belong to Ava, and are separated from the kingdom of Siam by 
a considerable ridge of hills, which extend far to the north, in- 
'terposed between the dominions of Ava and Si.im, as diese [low- 
ers stood in the year 1705. Breit, the capital city of this terri- 
tory, is the Sla-gui of Europeans. 

sS 
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Plrevioud only d short time to my lia^ng been in Ara, Siam 
had been subject to the Mranmas; but after a bondage of some 
yearS) the Siammese had thrown off the yoke, and had entirely 
recovered" their independence, although several states, formerly 
tributary to Duarawadi or ludara, as its capital is called in the 
Pali and vulgar languages, still remained subject to Ava, or had 
at least refused obedience to the new djrnasty. The Siammese 
call themselves Tay Noe or Little Tay ; but by the Mranmas they 
are called merely ludara or ludaia, both pronounced Yudaya, 
after the vulgar name of the andent capital. Although the 
Mranmas conader the Siammese as belon^g to the Shan rap6, 
they do not call them ludara Shan, because they have given that 
name to the peojJe of what we call Cambodia. The inaccuracy 
of Lbubere^s map of this kingdom, did not escape the authors of 
the Universal History, (p. 196.) The map which I now pu- 
blish, regarding Siam at least, is equally defective; for, although 
the author introduces two large countries between it and China, 
he places it nearly in the same latitude with the kingdom of 
Pegu, that is, his Talain country, and gives it a les8 extent, 
omitting altogether the Gulf of Siam, the coasts of which form 
the larger proportion of the kingd(Hn. 

On the north-west of Siam or ludara, is a considerable extent 
of hills and forests occupied by the tribe called Lowa or Lawa, 
many of whom are also scattered among the forests of the coun- 
tries occupied by the Shan or Tay nation, aldiough it is only 
in a few places that- they are noticed in a map on so small a 
scale. I iraa^ne, that these Lowa or Lawa are the original in- 
habitants of these countries, and that, mixed with the kindred 
race of Chinese, and with cerUun colonists from Hither India, 
they form the Shan race. 

North from these Lowas, who are partly tributary to Sam, 
and partly to Ava, the slave places the country of the lun Shan, 
the capital of which is Zaenmae. There can be no doubt that 
this is the country which, in the Universal History {p. 186. 187.)j 
is called Jangoma, and that the capital is the same with the 
Chiamay of Lc 

North from is the country of the Lowa Shan, 

who retain the condder as belonging to the rude 

lrib« that, mi^ and Hindus, has giv^ origin 



to the Shan race. This term Lown or Lawa is no doubt the 
fotucc of the names Lao, Lawlio, Lau or Lalio, applied by va- 
rious authorities to the same people ; and the Lowa Shan of 
the Mranmas is no doubt the same with the Northtm Lao or 
Laho of tlic Universal History, the capital of which, about tho 
middle of the 17th century, was called Lcng, by the Cliinege at 
least. But that city stood on the bank of" the Menan Tay, a 
branch of the Menan Kong, or Mekong of the Chinese, which 
is the Miekhaun of the Mrannias. Menan Tay is therefore the 
Meckhoup of lliis map ; while Kiaintoun, the present capital, is 
utuated beyond the river of Siam. 

North from the Lowa Shan, which Mr Dalryiiiple seems to 
have placed too far in that direction, is a mountainous space at 
the sources of the river of Siam, which is occupied by an inde- 
pendent and rude tribe of Lawa. To the north-west of this 
space in the slave's map, is placed a still more extensive tribe, 
called Kakhiffio, which occupies both banks of the Saluten for 
some way after this river leaves China. As I shall have no 
farther opportunity of mentioning this people, I may here 
State that tliey differ both in manners and language from the 
Ehieen, and are readily distinguished by their tatooing only a 
email spot between the eyes. The Eakhieen, who inliabit the 
banks of the Salua;n, are independent, and very troublesome to 
the merchants going to China, being of a more warlike disposi- 
tion than most of tlie other rude tribes, A considerable num- 
ber of the Kakliia?ns has, however, been rendered tributary, 
and forms a large proportion of the inhabitants in the principa- 
lity of Bhanmo, which occupies the space between the Erawadi 
and China. 

East from the Lowa Shan, and fiwn the great Mcekfaaun 
river, the map of the slave places a country which is called Ta- 
rout or Chinese Shan ; for the Tarout of tlie Mrarunas are the 
people we call Chinese. These Tarout Shan probably occupy 
the north-western part of Tonquin, as laid down by Mr Ar- 
rowsmitli, but are probably one of the two small kingdoms to 
the west of Tonquin, mentioned in the Universal History 
(p. 452.) by the name of Law-cliiva, which sbould evidently 
have been printed Law and Chiva ; Law- being the Lowa Shan 
^ the Mraninas, and Chiva their Tarout or Chinese Shan^ th« 
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capital of which is Kiaiiirounkri. When I was at Amarapura, 
this would appear to have been held aa a principality tributary 
to Ava. 

-■ South from the Taruut Shan, on both sttles of the Mcekhaun 
river, is the country of the Lieniien Shan, evidently the same 
with Ijunjnng, or Southern Laos of the Universal History 
(]). J 46.), altliough the authors of this learned work were mis- 
taken in guppoang Lanjang to be the name of tlie cafntal, 
u-liich is called Zandapuri. 

It was slat^ at Ava in 1705, tliat these four principalities of 
Shan, namely, Yun, Lowa, Tai-out, and La^nzasn, were go- 
verned by an equal number of hereditary chiefs, tributary to 
llie king, and held in subjection by two great militarj- officers, 
residing with strong garrisons at Kiainsin and Mainkhain, near 
the Miukhaun river. Since that time, there is reason to suppose 
tliat the King of Cochinchina has wrested from Ava, not only the 
two eastern principalities, but also these two strongholds, which 
seem to Amii the country that in die Universal History (p. 152.) 
is caileil the provinces of Kyanseng and Kcmerat, in which case, 
the river calletl in that work Menantay, must be the Mtekoup 
of the slave ; and the territory belonging to these sU-ongholds 
ori^nally belonged to the iowa Shan, who now occupy wily 
llie western portion of their territory. 

South from the Lffinza-n, the slave's map has, on both udes 
of tlic Mffkliaun, the ludara Shan, suhicct to the ludara king, 
ca- Siam. This is the country called Kamboja in the Universal 
History, and Cambodia by Mr Arrowsmith. It lias seldom 
been independent, but has generally been tributary to either 
Cochinchina or Siam. The latter was the case in 1796 j but I 
believe the power of Cochinchina has since extended over this 
as \vell as over the other counn-ies on the Maskhaun, 

On the mountainous tract east from the lower part of the 
Mcekhaun, in this map, very much reduced from its proportion 
of extent, the slave places Wild Lawa, evidendy the same with 
the Loysof ihe-IJi ''ersal History (p. 425.), that is, tlie ori- 
ginal inhabita oa or Siamiia, who have been long 

subject to the 

North from long the sea.<;oast, the map places 

tbe jiiokachln ^rm here evidently includes both 
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Cochinctiina and Tonqn'm. The Mranmas in genera] call ^e 
people of both these countries Klo ; and in fact they form one 
nation, assuming lo themselves Angnam as a comnion name, 
and speaking one language, called Anamilic, of which Alexan- 
der de Rodez has published a dictionary and grammar. Kio 
Kachin is, however, no doubt the source from which we derive 
the Cochin of China, to distinguish it fi-oin the Cochin of In- 
dia; and this part of the Anamitic nation having for some time 
been by far the most powerful, the compiler of the map has 
satisfied himself by mentioning it alone. The more especially 
as, when it was compiled, a large proportion of Tonquin seems 
to have been subject to Ava, forming the principality of the 
Tarout Shan. The Mranmas, however, often distinguish the 
two divi^ons of the Kio, or Anainitic people, by calling the 
northern Kiobiain, and the southern Kiodain. 

I have already mentioned, that China is by the Mranmas 
called the country of the Tarout, which accordingly occupies 
all the north-eastern part of the map. 



AiiT. X, — Ore t}ie C/uingvs qfCdhur in the Feaike^-a ofBirda^ 
mdepc/idait of MouHviig. Id a Letter fj'ora the Hev. John 
Flem [ KG, D. D. !■'. a. S.E. & M. W. S. to I'rofessor Jamesok. 

Mr SEAK StB, 

ijiviNG at a distance from the seat of Science, it is only with- 
in these few days that I have had an opportunity of peruang 
tlie second part of the twelfth volume (^ the Transactions rf 
the Linnean Society. The pleasure attending the examina- 
tion of its contents was greatly heightened, when I perceived 
many illustrative examples of the truth of an opinion which I Iiave 
entert^ed for many years, namely, " That the colours of the 
hair of quadrupeds, and the feathers of birds, cliange with the 
season, independent of the ordinary processes of casting and 
vwnJiing.'' That this rapinion has not been generally adopted, 
need not excite any suqirise, when we consider tliat many zoolo- 
^sts regard the featliers as destitute of every kind of circuU- 
tioni and therefore subject to no other change than that which 
is produced by external agents. When I begm,\tiTrfftWM««. 
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to tliis subject, to examine the differences of colour betweeb the 
summer and the winter dresses of many of our native birds, \ 
yt9& led to conclude, from seeing feathers in all the intermediate 
shades of colour, that in many species there must, in the course 
c^ the year, be five or ^x different moultings, or that the co- 
lour changed while the feather remained. Upon searching (cs 
proofs of such frequent moultings, I not only was unsuccessful, 
but by observing feathers in progress to their destined colour, I 
abandoned the former opinion, while I embraced the latter. In 
hopes of being confirmed in my views by the C(»nmunicati<m of 
new facts, I stated my opinion on the subject to the late George 
Montagu, Esq. than whom, since the days of Willoughby, no 
one has examined, with so much care, the characters and eco- 
nomy of our British birds. I was disappointed in finding him 
prejudiced in favour of the old opinion, and disposed in wxae 
^ases to admit, in the same bird, three succesnve moultings in 
the course of a year. In his letter, dated << Knowle, 7th De- 
cember 1814,^ he adds, ^^ But I have no conception of a change 
of colour in the same feather or the same hair, (because the co- 
louring matter has been disposed in embryo), except by length 
of time, as our hair is changed by age.** When I prepared the 
article Hybernation ofJnimals^ which was printed, in 1817, in 
the eleventh volume of the Edinburgh Encyclopaedia, conduct- 
ed by Dr Brewster, I endeavoured to collect the {noofs of the 
truth of my own views on the subject, and succeeded in at 
least convincing myself that they amounted to demonstration. 

In the thirty-third article in the volume to which I have al- 
luded of the Linnean Transactions, the subject is likewise 
brought forward. It is entitled, " Remarks on the Changes of 
the Plumage of Birds. By the Rev. William Whitear of Star- 
ston in Norfolk. Communicated by Joseph Sabine, Esq. 
F. R. S. and L. S. Read April 6. 1819.'' In this paper the 
author, evidently unacquainted with my observations and con- 
clusions on the subject, published nearly three years befcx^, 
states, " But v^ ^' ' »-, with whom I am acquainted, has 
hitherto pointed that in some birds the JuB grown 

feathers themse our^ witfimU being replaced by[ 

new ones.'*'' An< dds, " On the 9th of January 

last, I received . llard, whi6h had nearly assumi-. 
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cd the plumage of tlie adult bird. Upon examimng the feathers 
of this Hrd, I found many of them whicii were party-coloured, 
the same individual feather retaining, in some parts, tlie colours 
of tlie bird during its first months, and in other parts exliibit- 
ing those of the perfect bird," p. 525. Otlier facts of a similar 
kihd are likewise recorded, as liaving been observed in the chaf- 
finch, sandpipers and gulls. 

In the valuable " Memoir on the Birds of Greenland," by 
Capt^ Edward Sabine, wliich follows the communication of 
Mr Whitear in the volume, there is added, under the Alca dUe, 
some very interesting information regarding tlie change of co- 
lour which its feathers undergo. " The whole of the birds in 
the breeding season (the sexes being alike), had the under part 
of the neck an uniform sooty-black, terminating abruptly, and 
in an even line against the white of tlie belly : die young birds, 
which we saw in all stages from the egg, as soon as they were 
feathered, were marked exactly as the mature birds ; but in the 
third week of September, when we were on our passage down 
the American coast, every spedmen, whether old or young, was 
observed to be in change ; and in the course of a few days, the 
entire feathers of the throat and cheeks, and of the under part 
€>f the neck, had become white," p. 537. I am the more pleas- 
ed with tlie details of the change of colour in the plumage of 
this bird, because my attention was 6rst directed to the subject, 
in consequence of comparing a specimen in its summer dress, 
vhich I received from that accomplished navigator Captain 
Scoresby, with those which I obtained in their winter and spring 
dress in Zetland. Montagu has indeed availed himself of tlie 
fccts which I thus a^rtiuned, in lus supplement to the Omi- 
tholt^cal Dictionary, article Auk, Little, 1813, and other de- 
tails are given in the article HyBKENAXiON, Edin, Encyc. vol. xi. 
p, 388. 1817. 

Neither Mr Whitear nor Oaptmn Sabuie have offered any 
conjectures in illustration of the laws which regulate these 
changes of the colour in the plumage of birds, and of the pur- 
poses to which they are subsei-vient in the animal economy. In 
the article Hybernation refeiTed to, I arrived at the following 
conclusions : 

1. That this change, when it takes place in spring, is from a 
light to a dark coloiu", and that in autumn tlus arca»^e\atixi. \i 
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teversed. Hence it follows, that In those animals in which a 
chifinge of colour takes place, without a change of covering, the 
winter dress will always be foiind pale dr white cdoored, while 
the summer dress will be bright or dark. There is one remark^ 
however, made by Captain Sabine, while treating of the Lams 
glaucus, which appears to militate against this law: ^ In win- 
ter, the mature bird has the head and neck mottled with brown^ 
ta is usual with all the white-headed gulls. In the perfect 
summer state, the whole plumage is white, esccepting the beck, 
scapulars, and wing-coverts, which are a very light ash colour,^ 
p. 544. But as the observations which led to this remark were 
made on stuffed specimens, it is possible that neither the age of 
the individuals, nor the periods at which they were shot, have 
been accurately recorded. In a domesticated state, Montaga 
observed the heads of the Larus canus and fuscus become mot* 
tied during the winter season, and resume their white state in 
the spring ; but it remains to be determined if similar changes 
Hre effected in a wild state, where the quantity of food and thei 
shelter are so very different The scepticism which we are hero 
duipased to entertain, is sanctioned by the observatibns of tern 
jrears attention to the subject, and even by numerous remarksyr 
which occur in various other parts of the paper. We trust tha^ 
Ci^ptain Sabine will not censure our caution as. originating in a: 
regard for a favourite hypothecs, ance we can assure Hm, that 
the discovery of truth is our. only object, and that the value 
<if our conclu^ons is estimated by the strength of the proofs by 
which they are supported *. 



. * We are disposed to request much stronger evidence than opi$uon^ in the al>* 
sence of any direct proof or analogy, before we admit that the bkck markings of the 
primary quill-feathers of the herring-gull, which endure the severities of a Europe- 
an ^nnter, vanish altogether as the efiTect of climate in the summer of Greenland. 
Yet Captain Sabine^ on the authority of Mr Temminck, icgards the Silvety gidl 
with white primary quill-feathers, as the mature Greenland summer dress, and the 
mature European winter dress, of the Herring-gull- If this is really the. true state of 
the case, we would ask. What is the mature European summer dress of the Lazua 
glaucus ? Has it ever been found with black markings on the primary quill-feathera ? 
This last species of gull is alluded to by Captain Sabine as a British bird. In the 
spring of 1818, Mr Bullock, whose valuable additions to the list of British birdi 
are well known, shewed me a specimen of one which he had obtained from Zet* 
land, and informed me that others had been shot at the mouth of the Thames and 
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2. That these changes of colour are regulated by the tempe- 
niture of the atmosphere, the dark deep tints occiirring duru^ 
the heat of Bunimer, tlie light-coloured ones in the cold of win- 
ter. " Tliia supposition is countenanced by the elownesa of the 
process of change of colour in a mUd autumn, and its iiD]>eTfei:t 

, accomplishment during a mild winter. Besides, in some ani- 
I mals, such as the black guillemot, the change is never complete 
I in the more temperate regions, but becomes more perfect as we 
jHw:eed northwards, until at Greenland the bird is of a pure 
j white." In attending, therefore, to the plumage of birds in re- 
ference to this subject, the mildness or severity of the season 
V should likewise be considered. By attending to Uiis law, the 
P ornithologists may detect many spurious spetaes in the modern 
lists of British birds, even after the successful labours of Mon- 
tagu to elucidate the subject. 

3. That these changes assist in regulating the temperature of 
animals in the different seasons of the year. It is generally 
supposed, that many animals become wliite in winter, in order 
to enable them to escape the observation of tlieir foes, being 
nearly of the same colour as the snow. In reasoning concern- 
ing final causes, we stiould be careful to draw our conclusions 
from a minute and impartial view of all the circumstances of the 
ease, lest we attempt to estabhsh laws, whose operation would 
produce pain or ruin, where we intended to unfold tlie marks 
of wisdom and benevolence. It is obvious in tliis case, that" 
while the ptarmigan and alpine hare would be protected from 
danger, the eagle, the cat, and the fox, would be in danger of 
starvation and death. But the- fallacy of this popular opinion 
may be demonstrated from the circumstance, that the defonce- 

1 less and the rapacious, the terrestrial and the aquatic animals, 
are equally subject to the change; and that the order of succes- 

I aon in the shades of colour is always the same, however di9*e- 
rent the habits or stations of the animals in which .it is observed. 

1 The following explanation was offered of these curious pheno* 
mena of the animal economy : " If the radiating power of bo- 

it Sunderlund. In a letter which I received fVom him about ciplil munlhs ago, he 

£ie had received another speeimeii from the Bcv. Dr Stuart of Lush, 
eii shot upon Loch Lomond. 
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dies with regard to heat be inversely as their reflective power, 
) a conclusion very generally admitted, then tlie white winter 
dress of these animals must be better calculated for retaining 
Uie heat generated in tlieir bodies by die vital principle, than 
any other coloured dress which wuuld possess greater radiating 
power, and, consequently, would more readily contribute to the 
reduction of tlieir temperature. Is it not in consequence of the 
same arrangement, in reference to temperature, that many old 
ftnd young animals are pale coloured, and that the hair which 
grows from a part that has been woundetl, is always wliiter thsa 
the aivering of the sounder ports ?" 

Manse of Flisk, 1 

Pccember 5. 1819. / 

' Note hy Professor Jambsok. 

\ In reference to the preceding paper, we have to remark, that 

J Mr Whitear does not appear to have known that the fact in re- 
gard to the change of the colour of the feathers of birds is not new, 
having been published in the year 1792, by Capt^n Caitwright, 
a gentleman long resident in Labrador; and my friend Dr 
I Fleming also being unacquainted with Cartwright's statement, 
has fallen into the same mistake. For the information of our 
readers, wc subjoin the following extract from CartwrighOs 
Journal, (3 vols 4to, Newark, 1792), which contains hb obser- 
vations on this subject, and which proves not only the change of 
colour in the feathers, but also that an addi^onal qumitity of 
feathers is formed on approach of winter ; *' 28tli September 
I 1773.— r This morning I took a walk upon the hills to the 

westward, and killed seven brace of grouse. The;* birds 
I are exacdy the same wltli those of the same name in Eu- 

, Tiypc, save only in the colour of their feathers, which are 
speckled with white in summer, and perfectly white in winter, 
I (fourteen black ones in the tail excepted) which always rcouuii 

L tbe same. When I was in England, Mr Banks (now Sir Ju- 
' Bcpli Banks), Docto-'^-^ 'er, and several other naturalists, hav- 

ing inquired of me "'e manner of these birds changing 

polour, I took par^ hose I killed, and can aver, for a. 

f^t, that they get the year a very large addilioa 
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^ ^efeithcn^ all of which are white ; and that the cdoitied fea- 
Is^v* At the same time change to white. In spring, most of the 
'"'to fathers drop off, and are succeeded by coloured ones; 
*> I rmther believe, all the white ones drop off, and that they 
!^ ^3:1 entire new set. At the two seasons they change very 
^^^'^ently ; in the spring, beginning at the neck, and spreading 
thence ; now, they be^n on the belly, and end at the 
There are also ptharmagans in this country, which are 
respects the same as those I have killed on some hi^ 
J^V^Xitains in Scotland.^ Vol. i. p. 278. 



. XI.— Ow the Proper MetJiod of laying dawn a Ship^e 
^rack on Sea Charts^ with some Remarks oii the Importance 
tyf Time-Tceepers in Navigation. By Captain Basil Hall, 
R.N. F.R.S. Lond. & E(Un. Communicated by the Author. 

J. HERE is no point in practical navigation of more impor- 
^tance, than the allowance for the direction and velocity of 
Currents ; and although the introduction of time-keepers and 
lunar observations has led to much more accurate methods of 
making tlus estimate, yet there is unquestionably still much ob- 
scurity bebnging to this branch of the subject And although 
it is scarcely to be hoped that we shall ever arrive at a correct 
knowledge of the laws which regulate die great streams of the 
ocean, we may certainly hope to approach much nearer than we 
are at present to the true state of the facts, and that we shall 
eventually be able, in the practice of navigation, to make much 
juster allowances than we now do for the influences of these 
powerfiil agents. 

Probably much of the obscurity which belongs to this sub- 
ject, arises from the inaccurate way in which the tracks of ships 
exposed to the influence of currents have been laid down on our 
charts ; for the method most in use has this essential defect, 
namely, that on inspecting the chart of a preceding navigator, 
it is rarely possible to discover where any current began, where 
it ceased to act, what was its direction, or what its velodty,-— 
all essential points. 
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• The mode proposed in this notice answers all lliese q 

•nd is quite bh easy in practice as that in most general t 

Is so obvious, tliat I cannot help being sure that it must have o 

«iirred to many practical navigators ; but as I have never n 

with it in any treatise on navigation, and have never s 

gle chart in which the tracks were so laid down, I trost tl 

notice will not be con^dercd superfluous. 

The common method is as follows : The ship's p1ac« of « 
day, as estimated from the log-boaid, is noted on the chart { 
and also the place, as deduced from chronometers and lunar 
obervations. The first is called the Place by Dead Rc-ckon- 
ing, the other the True Place. The hne joining the true 
places at noon is called the True Track ; and that joining the 
others is called the Track or course by Dead Reckonii^. 
As it happens invariably, tliat these two tracks separate very 
early in tlie voyage, and never afterwards come together, un- 
less by accident, it is obvious, that, upon inspecting the chart, 
no information will be afforded as to the point where the cur- 
rent began, or where it ceased, or what was its set, or its velo- 
tity : all that we see is, two tracks wandering apart from a 
another, and it always requires some calculation and measure 
to come at any thing like an estimate of the true effect of fl 
current. 

'■ The tracks laid down on some of Mr Arrowsmitb's n 
the Atlantic, are on this account altogether useless, alth 
inserted expressly to show the effect of the current. Am 
speak from experience when I say, that a chart marked ii 
manner, whatever attention may have been paid to it by t! 
navigator, leads only to confuse, and not to instruct. 
' The method which it is proposed to substitute, is this: Let 
the true place be laid down each day as before, either at noon, 
or, which is better, at the precise moments of observation for 
the longitude. I^et a fresh departure be taken from every such 
true place so noted in the chart ; and whenever a true place is 
marked on the chart, let the place by dead reckoning at that 
moment, estimated im ^ '"-board Jrom the last true place, be also 
noted down. I ' '-ue place let two lines be drawi 

one to the next i the other to tlie dead reckooi 

place at the somi 



»e draw n, 
reckoDidjI^I 
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It mil follow from this, that the true course of the ship will 
be one continued unbroken Hue ; but tlie dead I'eckomng course 
will be a series of terminated lines running ofl' from the suecessive 
true places. The advantages of itiis metliod are these : In tlie 
first place, it will be evident tliat as lung as there is no current, 
the true and dead reckoning places will coincide, and there will be 
but otie line on tlie chart ; but the instant that a current begins 
to ant, tlie true and dead reckoning places will be different, and 
consequently the lines will separate : and whenever the current 
ceases, there will agmn be but one hne. These distinctions 
catch the attention at once ; but the plan has diis farther great 
advantage, that the line joining tlic tleatl reckoning place and the 
true place, at any given hour, iiill express correctly the direc- 
tion, and the set of the current, in the intenal between the mo- 
ment under consideration, and tlie instant of the last preceding 
observatitm. 

It is useful, in practice, to have the line expressing the true 
course distinguished in some way from those marking the dead 
reckoning courses: one may be a strong black hne, the others dot- 
ted lines ; or when a chart is much covered widi tracks, it is useful 
to use differently coloured hues. It is sometimes satisfactory to 
jtnn tlie dead reckoning places and the true places by arrows, 
and then rub out tlie whole of the tracks ; so that all which is es- 
sential, as far as currents are concerned, Is retained, while all 
that is not, and which might tend to confuse, is removed. 

When one or more days elapse without an observation, the 
dead reckoning track may be earned on till an observation be 
obtained, and then the dead reckoning place and the true place 
at that instant being noted, a knowledge of the strength and 
direction of the cun-ent during the interval, is at once afforded. 

On the chart, Plate VIII. which accompanies this notice, there 
are two tracks of ships off the Cape of Good Hope, which will 
render what has been said quite clear. 

It may be said that there is a fallacy in supposmg tlie 
places, as l^d down li-om chi-ononicters and lunar observations, 
to be the true places : to which I would answer, that although 
it is not strictly the true place, it is generally not far from 
it ; and for all practical purjxwes it may be so considered, be- 
cause the object is, to ascert^n the difference between the true 
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path, and the dead reckoning path from day to day ; and it must 
be a very bad chronometer that will not give this within an in- 
considerable quantity. Thus a chronometer, which nught give 
the lon^tude half a degree wrong at the end of an Indian voy* 
age, would serve very well to etstimate the daily effect of the 
current off the Cuope of Good Hope, within half a league of the 
truth. 

It is clear, that to a ship navigating without a chronometer 
or lunars, the above method is of no avail : even if* frequent lu- 
nar observations be taken, still it is not possible to make the re- 
quired comparison from day to day without chances of great 
error ; whereas by means of a chronometer, (aided as it may very 
readily be by lunars), nothing is so simple. 

In this age of science, of general intelligence, and of liberali- 
ty in every thing connected with mercantile enterprise, it is in- 
deed most astonishing, that any ship should ever be permitted 
to set out on any voyage without a chronometer : and own- 
ers of ships, independently of the fearful responsibility which 
they incur by neglecting so important a precaution, may be 
assured that they most materially neglect their own interest 
by this species of economy ; for the safety of a ship is not only 
greatly lessened, but the voyage is, in nine cases in ten, mate- 
rially protracted by the want of this easy and cheap addition to 
her equipment. Not only, therefore, the high obligation whicji 
they are under, to preserve, as Tar as in them lies, the lives of 
people embarked in their service, — ^but their own obvious pecu- 
niary advantage, calls upon them to despise this paltry saving, 
and never to suffer one of their ships to leave port without 
being provided with an instrument often of as much value as 
either sails or rudder. 

The class of navigators and ship-owners who, not many 
years ago, held scientific navigation in contempt, is now hap- 
pily much reduced. On such persons well established facts 
have more influence than any general reasonings or asserticms, 
and I beg leave to call their attention to the following circun^ 
stances which actually fell under my own obser\'ation. 

In May 18ir ^l^aiesty's sloop Victor, I arrived off the 

Cape of Good ^any with a fleet of Indiamen, all 

of which were < provided with excellent time- 

keepers. The e ship, and formerly an East 



domi a Ship's Track on Sea Charts. 981 

Indiaman, was also in company. She had been sent with troops 
to the Island of Ceylon, and was now returning with invalids to 
the number of several hundred, together with upwards of fifty 
women and children. From what circumstance, whether of 
Ignorance, or mistaken and most culpable economy, I do not 
know, this ship was unprovided with a time-keeper, and there- 
fore, though commanded by an active and intelligent seamen, 
«he was not, owing to this single omission, at all in a condition . 
to approach this coast, especially at such a stormy season, when 
lunar observations were scarcely to be hoped for, and when the 
current was most violent and irregular. 

It was the daily practice to telegraph the longitude to the 
Amiston, and as long as the fleet kept together, no disadvan- , 
tage was experienced by her having no chronometer. But we 
had scarcely reached tlie eastern edge of the bank of Lag»allas^. 
when a violent gale scattered the ships in various directions, 
and the unfortunate Arniston was left to shift for herself By 
reference to the Victor'*s track on the chart which accompanies 
this notice, Plate VIII., it will be seen to what a variety of cur^ 
rents we were exj)oscd, from the 18th to the ^8th of May; 
in this interval we had moreover three heavy gales of wind ; 
from whidi it will be obvious, that by dead reckoning alone, it 
was altogether impossible to tell the situation of the ship. In 
fact, on board the Victor, I found, that after making every al- 
lotrance for currents, which the experience of others on this well 
known ground entitled me to use, the dead reckoning was still 
upwards of 100 miles from the truth. But, after all, these ob- 
servations are a mere guess. 

Meanwhile, the Commander of the Arniston, after making 
every possible allowance, conceived, at the end of ten or twelve 
days, that he must have passed to the westward of the Cape of 
Good Hope, by a very considerable distance, and without hesi- 
tation, lx)re up with a soutli-easterly gale of wind, and steeredj 
as he thought, for St Helena. He had not proceeded, how- 
ever, many hours, before the land was discovered a-head, and 
on each bow ; they were embayed, in short, a hundred miles 
east of the Cape, and though tliey let go their anchors and 
cut away their masts, die gale drove them on the coast, and of 
the whole crew, soldiers, women, and children, only four or five 
sailors reached the shore alive ! 

VOL. IT, KO. 4. APRIL 1820. T 
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In order to prove that this ship was lost for want of a time- 
keeper, it is only necessary to state the following facts, wludi 
^nll be conclusive witli every practical navigator. 

By means of good time-keepers, I found that his Majesty^s 
sloop Victor, during the interval above mentioned, was carried 
by tlic current 186 miles to the westward, and 72 miles to the 
eastward, making tui aggregate of 114 miles, or 2° 18' of west- 
ing more than the dead reckoning. Now, it would have been 
a moderate allowance ibr the effect of the Cape current, und» 
all the circumstances of the case, to have supposed the ship to 
be set to the westward in eleven days, at least 220 miles, or 106 
miles more than the ship was actually set. So that after the 
Commander of the Amiston had made all the usual allowances, he 
would still have estimated his place wrong by at least 106 miles^ 
or 2° S' of longitude, an error five times greater than the worst 
chronometer I have ever seen in use, would have given in so 
short an interval. It thus becomes certain, that when the Ar- 
niston was, by dead reckoning, after full allowance had been 
made for current, apparently many miles west of the Cape, she 
was in fact a very long way east of it. And the important cir- 
cumstance to be borne in mind is, that had this ship heesk 
provided with a very ordinary chronometer, costing from 60 to 
100 guineas, she would, according to every principle of navip 
gation, most assuredly not have been shipwrecked. 



Akt. XII. — Account of a new Arrangement of the Algas 2jf 

K. ChIUST. LYiWiBYK 

X HE Algae or true aquatic plants, including the various 
tribes of Fuci, Ulvaj, Conferva?, and Tremellae, form a very beau- 
tiful department of the botanical system. Of late years, mudi 
attention has been bestowed on the investigation of their struc- 
ture, physiology, and distribution ; and many curious facts and 
arranger ^* Nature have thus been brought to light. 

The arrangement, which appears to be attended 

with r has been greatly studied by naturalists 

siflice tl us and Gmelin, but hitherto no satisfac- 

tory mi reposed. Dr Walker, late Professor of 
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Natural Historjrin the University of Edinburgh, who was par- 
ticularly attached to the study of this series of plants, conceived 
and executed a systematic arrangement of them in the year 1771* 
In his method, the whole are divided into fourteen genera, and 
the generic characters, which are founded partly on the fruit, and 
partly on the forms and structure of the species, possess consi- 
derable merit *. In 1793 — 1797, Stackhouse published an ar- 
rangement of Fuci, in his work entitled Nereis Britannica ; and 
in 1816, in a new edition of the same work, the system is ex- 
tended, by the addition of numerous new genera. The first 
edition of the Nereis Britannica contained curious observations, 
and good figures, of several rare species ; but in the new edi- 
tion, unfortunately, the figures are miserable, and unworthy a 
British artist. The whole family is there divided into thirty-, 
five genera; bn: these do not appear to be constructed on any 
fixed character or series of characters. This work, therefore, 
although it contains interesting observations, cannot be com- 
mended for its systematic arrangement. The industrious Roth, 
the celebrated DecandoUe, and the enterprising and enthusiastic 
Wahlenberg, have also attempted to form the fuci into genera, 
but unsuccessfully. Lamoiuroux, an ingenious French natu- 
ralist, has lately published an arrangement, in which he uses 
the fructification, and also various characters drawn from other 
parts of the plant, or even from any remarkable accessary cir- 
cumstance. This method, with all its intrinsic merits, we con- 
sider as too artificial, and too complicated, and therefore not 
likely to be adopted by botanists. In the year 1817, Charles 
A. Agardh, Professor at Lund in Sweden, published a work 
entitled, " Synopsis Algarum Scandinaviae, adjecta dispositione 
universali Algarum.*" He employs in his generic characters, 
not only the seeds, but also the whole habit of the plant. In 
this arrangement, the Algae are subdivided into the following 
sections. 1. FucoiDEiE, which contains seven genera. 2. Flo- 
siDEiE, seven genera. 3. ULvoiDEiE, nine genera. 4. Con-j 
FERVOiDEiB, Seventeen genera. 5. TaEMELLiNiE, five genera. 
Acknowledging as we do the excellence of Agardh as an ob- 



• For an account of Dr Walker's arrangement, we refer our readers to NeIU*i 
laminoitf and interesting account of the Fuci, in the Edinburgh RncydopcRdia. 
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server, we caniK>t help feeling, that his system wants that cer- 
tainty and distinctness which is required in all works of this de* 
flcription. 

But the most scientific and satisfactory arrangement of the 
Algffi hitherto proposed, is that of H. Christian Lyngbye, author 
of a most valuable work, in 4to, printed at Copenhagen m 
1819, at the expence of the King of Denmark, under the title rf 
** Tentamen Hydrophytologiae Danicse ; cum Tab. aen. 70." It 
contains the results bf numerous journeys, and of long, patient, 
and careful investigation. The arrangement, which is all that 
interests us at present, is founded on the seeds, and on differen- 
ces in the form and structure of the plants. The following view 
of the arrangement, with the character of the Orders (Sectuma) 
and Grenera, we have no doubt will prove very acceptable to 
our botanical readers. 

HYDBOPHYTA. 

A. Frondosa. 
a. Continua. 

a. Solida. — Sect I. Phycoidata. 
a. a. Fronde plana. 

1. Fiicus. Frons plana dichotoma olivacea. Reoeptacnia tenni* 
nalia^ turgida intus mucosa^ tuberculis numerosis sphaerids fibrisqae 
intertextis repleta. 

2. Delesseria, Lam. Frons plana membranacea costata rosea. 
Semina nuda frondi immersa^ vel tuberculosa globosa innata. (F. 
sanguineus^ sinuosus^ et alatus.) 

$4 OdwUkalia, L^ngb. Frons plana membranacea subecostata 
dentata rubra. Siliquae axillares lanceolatae. (F. dentatus.) 

4 Spctrococcus, Stackh. Frons plana membranacea ecostata ru- 
bra. Tubercula globosa ad marginem sessilia. (F. menibranifoliu8> 
Brodisei^ palmetta^ laciniatus^ cOiatus^ Torn* j cristatus^ L. ; mam- 
millosus.) 

/>. Chondrus, Stack. Frons plana dichotoma vel ramosa rubra. 
Tubercula hemisphserica^ a^icibus fzondis innata. (F. erispus^ Nor- 
vegicus, rul)ens^ L. ; laceratus^ Gmel. ; Bangii^ Fl. Dan.) 

o. Zonaria, Draparn. Frons plana orbicularis oppressa. Se- 
mina nuda^ in lineas transversales concentricas disposita. (F. fun- 
gularis, " 420.) 

7* Z Frons plana stipitata olivacea^ radice fibrosa. 

Seminr 'mersa. (F. digitatus^ bulbosus^ saccharinus, 

esculer rum. Turn.) / 

8. Vi expansa. Semina nuda, substantias frondis 

immera s, L.; edulis) soboliferus^ faaci% Tnnu; 
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Ulva umbilicalis, L. ; purpurea, liotfi ; IhcIucu, pluiitagincu, Itolh ; 
diuhotoma, Huds. ; linza, terreatrls, Kalh.) 

i>. b. Fronde compressa. 

9. Dexmia. Frons compresan ramosa, Fructua Jn^otus vel for- 
tan in fibris e frondc protleuntibus quterenda. (F. ligulatus, acu- 
leatue-) 

10. Himanlhalia. Froiia campressa dicliotoma e I»isi cyutliiformt 
erumpens. Tubfrcula numerosa per totom fironduiu sparaa. (F. 
loreuB.) 

11. Ifalidn/t. Frons compressa ramosa. Itpoeptacula tiirgida, 
intuB mucosa, tuberculis sphtcricis vepletu, lateralia vel tcnuioalia. 
(F. nodosus, siliqaosus.) 

13. PtUolii. Frons conipreasa ramosissinia, tiuptu decoiopositii. 
Capsular quinquefida.', (F. plumosua.) 

13. Plocainium. Frons compressEi diaticha ramosissima, romulis 
ultimis pet'tinato-secundis. Capsuls lateniles vel semina nuda 
apici frondi immersa. (F. cocciaeus.) 

14. Geltdiitm. Frons compressti vel angulata ramosa. Tubercula 
globosa tenninalia. (F. pinnatifidua, gigartinus, pygmieus. Turn.) 

c. c. Fronde tereti. 

15. Gigarlina. Frons raniosissima. Tubercula globosa, ed latera 
Toraorum sessUia, externa, vel semina niida interna. (F. plicatus, 
Griffithife, Turn. ; confervoides, viridis, lycopodiodes, pinaatroides, 
purpuraacens, subfitscus.) 

16". Furcellaria. Frons dicholoma fastigiata. Tubercula termi- 
nalia subulata vel lateralia spongiosa. (F. lunibricalis, rotiindns.) 

17. Ckordaria. Frons teres. Semina nuda toti frondi immersa, 
eemdemque quasi conscituentja. (F. scorpiodes, Fl, Dan. ; tiagclli- 
formis, Rivularia niultifida, Conferva i>aradoxica, Rotli.) 

" ". Thorea. Frons teres, lubrica ramosa, filis orticulatia undique 
Fructua igiiotua. 

^, Fronde tubulosa. — Sect. II. Soleniata. 

ig. Sct/losip/ion. Frons continua inembranacea, scqualis, simplex 
vel ramosa. Semina nuda, substantia frondia innjita, aolitaria vel 
aggregata. (Ulva sobolifera, Fl. Dan. ; Batrachospermum hispi- 
dum, Decand. ; Conferva fieniculacea, Huds. ; Ulva compressa. Con- 
ferva clathrata. Roth ; Ulva Rstulosa, Huds. ; intestinalis.) 

SO. Gastridium, Frons continua, eubramosa, gelatinosa, interdum 
articulato-contracta, Semina nuda, subatantiffi ramuloruni immerEa. 
(Ulva filiformis, Huds. ; Fucus clavellosus, fcaliformis. Turn.) 

21. Chorda. Frons siniplicissima. Semina nwla, in muco fVon- 
dem ambeunte nidulantia. (F. filura.) 

23. Biyopfis. Frons subpinnata. Oranula minutisai'ma in caule 
ramisque fiatuloeis nidulantia. (Bryopsia, Langbyi, Fl. Dan. l603.) 

23. Vauckeria. FUa capillaria continua plerumque ramosa, maasa 
granulosa intus aspersa. VesicUliB estemae globoaje. (Conferva 
dichotoma, fri^ida, Dillw.; Tremella gratiulata, Huds. ; Conferva 
dilatata, Uotli.) 
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<^4. Bangia, Fila capiUaria oontinua. GranulA ell^ptioo-^lh>- 
clrica vel gfobosa^ intus congesta. (Conferva atro-purpurea, Dulw.; 
rudlans^ Roth ; atro-virens, Dillw. foetida^ Dillw.) 

25. Oscillatoria, Fila continua membranaceo-herbacea^ lubrica, 
Intus hyalina vel stnis transversalibus parallelis densis notata 
(Conferva limosa. Roth ; veliitina^ Roth ; ochraceay Dillw. fontinalis, 
distorta^ Fl.Dan. ; majuscula^ Dillw.; chthonoplastes^ FL Dan.; 
confervicola, muralis, decorticans, Dillw ) 

•26. Scytonema. Fila continua coriacea, intus striis transversalibus 
annulatis vel nioniliformibus notata (Conferva myochrous^ ocel- 
lata, comoides, Dillw.) 

27* Nodular i a, Fila continua simplicia majuscula^ extrinsecus 
nodulosa. Semina cylindraceo-ovata, in statu dultiorl libera, totum 
fill tubulum replentia. (Conferva fluviatilis.) 

6. Frons genictdata, 

tc. Teres. 
a. a, Solida. — Sect. III. Steeeogonata. 

£B. LometUaria. Frons teres subgelatinosa articulata contract^ 
ramis oppositis verticillatisque. (F. articulatus^ Lightf.) 

29- Cladostephus, Frons articulata ramosa^ setis ad genicula ver- 
(ticillatus obsessa. (Conferva verticiUata, Lightf.) 

SO. Sphacellaiia, Frons articulata ramosa disticha. Semina nuda 
'^us sphacelatis demum dehiscentibus inclusa: rare capsuke. 

Emium pennatum^ Roth ; Conferva scoparia, pennata, Dillw. ; 
Huds.) 
31. Hutc/iinsia. Frons articulata ramosa rosea: articuli striis vd 
tubulis pluribus longitudinalibus notati. Capsulse extemse^ vel tu- 
bercula apicibus ramulorum innata. (Conferva polymorpha, £ro- 
dlaei^ Dillw. ; byssoides^ fucoides, Huds. ; badia, Dillw.) 
' 32* Ceraviiu7n, Frons dicbotoma ramosa, rosea. Articuli reticu- 
lato-venosi vel subdiaphani. Capsular ramulis brevibus involucratae. 
(Conferva elongata, Fucus diffusus, Huds.; Conferva rubra, Dillw.; 
diaphana, ciliata, Huds.) 

ft. ft. Tubulosa. — Sect. IV. Sii»HONiGONATA. 

S3, Callirhamnion, Frons teres articulata ramosissima rosea : ar* 
ticuli uno tubulo latiori lorigitudinali notata. Capsular ad latera ra- 
mulorum sub-pedunculataj. (Conferva arbuscula, Dillw.; coccinea, 
Huds.; corymbosa, Eng, Bot; corallina, rosea, plumula, repens, 
Eothii, Dillw.) 

34. Ectocarpus, Frons articulata, membranacea ramosissima fiisca. 
Capsulae ovatse siliquaeformes vel racemosse, ad latera ramulorum 
sub-pedunculatae. (Conferva littoralis, siliculosa, Dillw.; tomen- 
tosa, Huds. ; chalybea. Roth.) 

35. Bulbochf*^ ^ila articulata membranacea ramosissima viridia^ 
setis bulbife: «n'tiites articulorum instructa. CapsulsB ses- 
ailes laterale "tigera. Roth.) 

36. Confct Hta membranacea simplicia et ramosa 
^iridia. Grj sparsa. (Conf. compacta. Roth. ; di&- 
^iifius, Dilh ea, Huds. ; ericetorum. Roth. ; capIU 
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rivularis^ flacca> implexa^ Dillw.; fucicola, Veil.; Linum, Fl. 
Dan. ; aerea^ segagropila^ crispata^ Roth ; fracta, sericea, glouierat^ 
CTYStallina, rupestris, flavescens, nigricans, Koth; Wormskioldii, 
FL Dan.; castanea, Dillw.; velutina, umbrosa, Byssus iolithus.) 

37. Hydrodiclyon. Fila articulata membranacea, in formam arti- 
cnili connexa^ virldia. Embryo, matri similis, in quovis reticulo in- 
Vaginatus. (Conf. reticulata.) 

38. Zygnema. Fila articulata membranacea simplicia viridia, de- 
mum per tubulos breves trans versales conjugata. Semina solitaria, 
singulis articulis post copulationem inclusa. (Conf. gemiflexa, de- 
dmina^ quinina, nitida^ bipunctata.) 

/3. Frons plana. — Sect. V. Homalogonata. 

39. Diatama. Fila articulata simplicia crystallifbrmia, immediate 
copulata, tandem articulis solutis angulo alternatim cohaerentibus. 
Conf. flocculosa, Fl. Dan.) 

40. FragUaria, Fila articulata plana fragilia, articulis solutis an- 
gulo non alternatim cohserentibus. .(Conf. striata, £ng. Bot. ; li« 
neata, Dillw. ; pectinalis, Miih«) 

B. Gelatinosa. — Sect. VI. Tuemelloidata. 

41. Balrachospcrmum, Frons gelatinosa, articulata ramosa, ra« 
mulis ad genicula verticillatis. Capsidae globosas intra verticillos 
sitae. (Conf. gelatinosa, atra, Huds.) 

42. Drapamaldia, Frons gelatinosa articulata ramosa, ramulis 
fiisciculatis penicilliformibus. Granula in articulis sparsa. (Confl 
diara. Roth; mutabilis.) 

43. Meso^hia, Ag. Frons gelatinosa elongata ramosa, filis e com* 
muni frondis axi exeuntibus ramosis, articulatis, capsuliferis farcta. 

44. Cho^toplhorcu Massa gelatinosa elongata vel globosa, filis ra- 
mosis artictuatis farcta. ^Rivularia endivieefolia, Roth; elongata^ 
pisifbrmis.) 

45. Linckia. Massa gelatinosa elongata vel globosa, filis simplici- 
bus rectis acuminatis articulatis vel sub-continuis farcta. (Rivularia 
atra, anffulosa, dura. Roth.) 

46. hostoc, Massa gelatinosa difformis vel globosa, filis simplici- 
bus curvatis mbniliformibus farcta. (Tremella Nostoc, verrucosa ; 
Ulva pruniformis, pisiformis.) 

47. Alcyonidium. Massa gelatinosa elongata ramosa olivacea, in- 
tus cellulosa, capsulas solitarias graniiliferos includeiis. X^"-^^ ^^* 
phana, flavescens, Huds.) 

48. PalmeUa. Massa gelatinosa subhyalina, granulis solitariis 
globosis farcta. (Batrachospermum myurus, Decand.; Byssus bo- 
iryoides, L. ; Tubercularia rosea, Pers.) 

49. Echitiella, Achar. Massa subgelatinosa, granulis solitariis 
euneatis elongatisque farcta. 

We cannot conclude tliis short notice, without expressing a 
hope, that our celebrated algist Dawson Turner, now tliat his 
great work on Fuci is finished, will be induced to publish his 
views in regard to their arrangement. 
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Aet. XIII. — A MetJiod of determining the Height of CUffi 
or Mountains^ by measuring the Depreasicn of the Horizon. 
By William Scoresby, Esq. jwnior, F. R. S. E. &c. Cam- 
municatcd by the Author. 

X HE determinatioti of the height of cliffs and mountains, is 
en object of importance and interest to the geologist^ meteoro- 
logist, hydrographer, and land-surveyor : hence, any practical 
mode of performing this operation in an easier or more familiar 
manner, either as to the mode of observation at calculation, 
than the methods now in use, may not be unworthy of atten- 
tion. 

Trigonometrical operations, and barometrical observatimis, 
are the principal means at present practised for the mensuradcn 
of heights. The former can be applied in very few situations, 
without considerable labour, the use of several instruments, and 
the' employment of several assistants ; and, after the necessary 
observations are made, a troublesome series of calculations is 
requisite, before the elevation of the situation can be determined. 
The latter^ though easy as to the nature of the observaticms^ ie-> 
quires a delicate, portable, and expensive barometer,' and the 
use of at least two thermometers, and then does not afford any 
accurate result, without the application, to the observations, aS 
a troublesome formula. 

In the proposed method of measuring hdghts, the use only 
of a small sextant and an artificial horizon are necessary, with 
which instruments, after observations that may be made in five 
minutes are obtained, the height of the station above the level 
of the sea is found at once, by the simple inspection of a table. 
This method is, however, limited in its application, and is only 
calculated for situations from whence the sea, on the horizon, 
can be seen, and at such times (unless other instruments are 
used) as the sun, or other heavenly body, appears either within 
thirty degrees of the zenith, or in azimuth over the sea- 

The neces^ tion merely consists in finding the depres- 

«on of the 1 \e point whose elevation is required. 

This may be by measuring the angle between a 

hori2;ontal p ible horizon by a dip-sect(M*, (^ 




oresby on measjiring tlte fietghls of Cliffs, (Jc. 289 
w1uc)i case the presence of the sun is not ntxcssary), or by find- 
ing the true altitude of the biu), qr other heavenly body, by 
means of an artificial horizon, and deducting this altitude from 
the angular distance, corrected for terrestrial refraction, between 
the sun and the visible horizon. Tlie comraon tables of deprea^on 
seldom going beyond 100 feet of elevation, a table fortiic mensura- 
tion of heights should be constructed, extending to 20,000 or even 
30,000 feet. The semi-diameter of the earth, (or 31,000,000 feet), 
at the aurf"aceofthe sea, being to the same increased by the height 
of the eye, as radius is to the secant of llie depression of tlic ho- 
rizon, this depression, at the altitude of 100 feet, would ap- 
pear to be alxmt 10' 3&f; at 1000 feet, 33' 36" ; at 9000 feet, 
47' 23' ; at 3000 feet, 58' ff ; at 4000 feet, 1° 6' 30" ; at 5000 
feet, r 14' 20"; at 10,000 feet, 1° t^ 10'; at S0,000 feet, 
fi°S0'; at 30,000 feet, 3''3'40''; at 40,000 feet, 3° 33' 6"; 
and at 50,000 feet, about 2" 57'. 

Hence, if we suppose, for example, on the top of a cliff, tho 
height of which was required, tfiat the sun's true altitude, by an 
artificial horizon, should be found to be 48°, and the altitude 
at the same instant (or the mean of two altitudes, at equal in- 
tervals before and after the same instant,) by the horizon, cor- 
rected for terrestrial refraction, should be 49" G' 30", the diSe^ 
reoce, 1" 6' 30", would be the depression of the horizon, cor- 
responding, as appears above, with an elevation of 4000 feet. 
An error of a minute in the depression, at this elevation, would 
be productive of an error only of 40 yards in the altitude ; and 
at the height of 20,000 feet, the same mistake in the depression 
would produce an error not exceeding 86 yards. 

This mode of determining heights, is applicable in all ^tua. 
tions where the sea can be seen on the horizon, however distant, 
and is simplified in every case where the sun appears in azimuth 
above the sea, or, if over the land, with an altitude of 60^ or 
upwards ; so tliat, with a common sextant, It can be brought to 
the horizon on the opposite side of the zenith. 

Tlie only drcumslaiice, perhaps, that will render the practice 
of this raetliod in any way uncertEun, is the variable nature of the 
terrestrial refraction. Whether an allowance in minutes of one- 
twelftli of the distance of the horizon in miles, (the mean effect 
at ei]ual altitudes), combined with tlie refraction produced by 
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the diminished denuity of the atmosphere, will afford an accu- 
rate correction, a few trials may be necessary to determine. Such 
trials besides showing the degree of reliance that might l)e placed 
on this method of ascertaining elevations, would likewise be use- 
ful in determining the nature and extent of the changes in the 
refractive property of the lower atmos])here, — a subject of most 
essential importance in various trigonometrical o])erations. 

Liverpool, 30^A November 1819. 



Aet. XIV. — Account of a Visit made to the BcUlis of St Filij}- 
po in Tuscany^ with a Description of tlie Male of forining 
Stone Medallions in Basso Relievo from tlic Waters of the 
Spring. In a Letter from Dr Gosse of Geneva, to Profes- 
sor Jameson. 

XN compliance with your request, I have great pleasure in 
communicating to you an account of a visit I made in the year 
1818 to the baths of San Filippo in Tuscany. I enclose also a 
hasty sketch I made of the surrounding countiy, and shall sub- 
join a few details of the curious manufacture of stone-casts, 
which has for many years been established tlicrc. I regret that 
the shortness of my visit renders my accoimt much less com- 
plete than I could wish, but, in the absence of better informa- 
tion, it may perhaps be acceptable to your readers. 

On the morning of the 21st February 1818, I set out from 
Sienna, and, proceeding through a country consisting mostly of 
blue argillaceous soil, mixed with sca-shells disposed in hills of 
slight elevation, I reached, towards evening, the foot of Mount 
Amiata, from which the springs that supply the baths originate. 
As we approach the mountain, the features of the country bo- 
come more rocky, and the mountain itself exhibits the characters 
of an extinct volcano, of which more particular details may be 
found in a dr«^' ' "^ tour made several years ago by Professor 
Santi of Pi ' ^ight of the mountain is very considera- 

ble, and th< a from a great distance, to the west of 

the road lea a to Ilome. Ha\'ing travelled some 

miles by the , I reached at length the torrent of 
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tibe Urcia, which descends from it Over this torrent a bridge 
16 built ; and just above it, rises a small rocky hill to the height of 
80 or 100 feet, the summit of which is flat, and stretches to- 
wards the mountain. Proceeding a few hundred yards along 
this plateau^ in the direction of the mountain, we come to the 
Bagni di Vignone^ which, as medicinal baths, are scarcely less ce- 
lebrated than those of San Fillppo, The water supplying 
these baths rises up in two or three different pai*ts of the middle 
of a large square pond : it has the appearance of water in a state 
of ebullition, and is raised in successive guslies, with a deep 
rushing sound, in columns of one foot in diameter, and to the 
hdght frequently of two feet above the surface of the pond. Its 
temperature is sufficient to boil eggs, and it is often applied to 
that and similar uses. The buildings for the baths are situate 
to the south, near the exit of the pond, and are well adapted to 
their intended purpose. The patients who resort thither dur- 
ing the summer, find accommodation in the small village that in 
})art surrounds the pond. This water contains a large portion 
of calcareous matter, which forms considerable depositions in its 
course. In proof of this I may mention, that a small mill, 
erected near tlie bridge over the Urcia above mentioned, and 
worked by the water of the springs, has become entirely en- 
crusted with this matter, so as to stop the machinery. The 
presence of iron is also manifested in this water, by the deposi- 
tions of ochreous matter ; but it seems to be entirely free from 
sulphureous impregnation, which remarkably distinguislies it 
from the waters of San Filippo. 

Night approaching, and being unable to procure accommoda- 
tion at the village, I was obliged to proceed to the inn of La 
Scala, a distance of about four miles. 

The next morning I set out for tlie Bagni di San Filippo, 
situated at about nine miles distance from the place where I had 
spent the night. The country through which I walked, as- 
sumed a wilder character as I proceeded; the valleys were 
deeper, and the rocks loftier and more picturesque. At the 
distance of six miles I reached the village of Campiglia, situate 
on the declivity of the mountain, and surmounted by rocks on 
.which stood the Castle of Campiglia, belonging to the Counts of 
Jhat name. From this spot the road to the baths is coiy1\\vv\<^ 
iy the side of the Uondinaya, a mouixtain loneivl \5[va\. tdiL"&\\s» 
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waters along a narrow volley. Proccedin|<; up tliis volley for 
about three milt-s, I came in sight of llie Bofpii tU San 
Filippo, situated in a large valley opening to the right. The 
ground on which ttie Iiaths are platted is considerably elevated, 
and to the eye presents a white rounded surface, lying to the 
Bouth-east of the Amiuta, Uie Eummit of which, from tLis spot, 
appears at not less than three niik-a distant. Siretdiing south 
is a range of mountains connected vrilh the Anilata, and form- 
ing its back-ground. The eluvated site of the baths is near to a 
niuunlain called II ZaccoUno, at the foot of which flows a rivu- 
let or small torrent, that falls into the Ilondinaya, near a bridge 
named Ponte Termooe. Quitting at this place tlie high road which 
leads to Badicofoni, and following the course of the small tor- 
rent above mcnuoned, tlie bed of ivhich appears white frnni tlie 
deposition of calcareous matter, we arrive at the hill on which 
the batlis stand. Its direction is east and west ; its height above 
Ihe torrent between 350 and ,'500 feet ; its breadth about 300 
paces ; and its length a quarter of a league. It seems to he 
OOTOiKised, at least in its upper part, entirely of the white cal- 
careous matter afforded by the hot-springs. The opposite ^de 
of the rivulet I did not visit. It is covered with trees, and is 
said to be composed of a yellowisli-brown, or greenish coloured 
argillaceous stone, easily acted on by water, and similar to that 
often found in tliis country in the neighbourhood of extinct vol- 
canoes. 

The village of San FiUppo is situated on the east mde of Ihe 
declivity of the hlU. The spring which supplies its batlis 
is the least abundant, and issues into day immediately behind 
the village, on its northern ^de, to which place it is con- 
ducted by subterraneous channels from the western side of 
Ihe hill. The column of water is about 9 inches in diame- 
ter, and its temperature rises to about 40° tteaum. or 122* 
i'ahr. It falls into a pond, CMlsiructed about twenty years 
ago, where it has since deposited a solid rounded earthy mass, 
■more than 30 ft'^t thick i from tliis place it is conducted to 
work a miJ -~ to the surrounding villages. A sectuid 

spring lies I tlie village : it runs directly into tlie 

torrent will loyed : its temperature exceeds by a 

degrve or tv irmer. Beudes these two springs 
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there is a third on the top of the hill, which has formed for it* 
self a small pond. It is as warm as the others, and is suppoB* 
ed to communicate with them. 

When the water of these springs first issues from the earth, 
it is limpid and transparent, but soon assumes a yeUowish pearly 
hue, has a strong hydrosulphurous smell, and abundant vapours 
arise from it According to Professor Santi, it yields much 
carbonic acid gas, when submitted to heat, and contains sul- 
phate and carbonate of lime. Sulphate of magnesia and 
^sutphiur are also to be found in the depositions, which are rar 
pidly and abundantly formed by the cooling of the liquid. Not- 
withstanding the high temperature of these springs, conftrvtB 
grow in their currents ; tliey have a dark green colour, are of a 
gelatinous texture, and sometimes covered with a light whitish 
earthy crust, and with numerous vesicles containing air. When 
dried, they take on a bluish tint, and afterwards, by exposure 
to air, become colourless. 

Towards the bottom of the ncHrth side of the hill, near to die 
torrent, is a fourth small spring, named Acqua Santa, the water 
of which differs materially in quality from those above men- 
tioned. It is transparent, and afibrds no deposit ; its tempecar 
tare is low, and the taste like that of diluted sulphuric acid. 

The soil around these hot springs is formed of matter de- 
ported by them : it is more or less white or grey, and more or 
kss hard and porous. Its surface, in some parts presents 
traces of channels, formed by small currents of water, whidi no 
longer exist In other parts, particularly near the seocmd 
spring, there are deep fissures in the surface, the consequence 
of an earthquake. One of these fissures is 30 ieet deep, and 
from 150 to 200 feet long. Its shape is irregular; its &dea 
perpendicular; in some places it is many feet wide, and in 
others so narrow, as to be easily jumped over. The water in it 
has a whitish colour, is in a state of ebiillition, (whence the 
name of II BoUore, by which it is designated), and copious va* 
pours of steam and sulphur arise from it. Other cracks have 
given rise to large cavities, in which the sublimated sulphur is 
deposited in a crystalline form, in the same manner as in the 
Sdfaterra near Naples. The separation of the sulphur was fiM> 
merly a branch of industry, which has lately been abandoned. 
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The surfaces of these fissures are also penetrated by sulphuric 
add, which renders them sour to the taste. 

Few vegetables grow on this soil. Small shrubs of Buxus 
sempervtrens, or a few grasses only, are distributed over its 
surface, and the leaves of the Imams have all a yellowish-brown 
colour. The northern declivity, particularly in the course of 
the rivulet, is thickly covered with vegetables and small trees. 
The soil here is of a dark colour, the result either of vegetable 
decomposition, or of the different nature of the earthy substan- 
ces that compose the lower part of the hill. Vineyards have 
not succeeded near the village, even in transported soil ; which 
seems to arise from the baneful emanations diffused through the 
air, rather than from defects in the soil. 

The west end of the hill has a rounded form, and is separat- 
ed from the neighbouring mountain by the small torrent above 
mentioned, the bed of which is filled with calcareous rocks from 
above. Crossing by a small bridge the rivulet at this part, the 
appearance of the surface is entirely different Large masses 
of tlie calcareous deposit called Travertino, 20 or 30 feet thick^ 
presenting sharp edges, and spread in all directions, indicate the 
existence of an ancient spring at a greater height. In going 
100 yards higher up the mountain, the travertino is found in 
regular layers, which seem at one time to have been joined with 
those of the hill below. At this part I met with the sihceous 
stalactites discovered by Professor Santi ; they have a mamillary 
form, a pearly colour, are shining and semitransparcnt, and 
cover the lower surface of the layers of travertino to the thick- 
ness of |th of an inch. The travertino of St Filippo is not very 
porous, but hard, and resists the destructive action of time and 
weather. It is of a greyish colour outside, but when broken 
has a whitish and somewhat shining appearance. Carbonate of 
lime enters principally as its component, and the presence of 
silica is not to be denied, at least in some parts of its surface, 
as appears by what we have already mentioned. It belongs to 
the ancient water deposits of hot springs in Italy, which, I 
have observed, o-pneral to have a diflerent composition 

from those of : nng more dense, more solid and 

abundant. In s where travertino is found, the 

warm springs 1 , or those which yet exist have 

ceased to deposi 
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This traverdno is similar to that found at the bottom of thoi 
eastern side of the mountains, near to Chiusi, 12 or 15 milei^. 
distant, and to that also in the neighbourhood of Rome, which was 
employed by the Etruscans in the construction of their build- 
ings and sepulchral monuments ; and botli in ancient and mo- 
dern times has been very extensively used for similar purposes 
by the Romans. 

Vegetation is very luxuriant among the rocks of traver- 
tino. Large chesnut trees, intermixed witli the humbler,, 
plants, spread widely up the mountain, and give it a very pic- 
turesque appearance. In one of the wildest and most isolated 
parts, is a place held in great veneration, named the Hermitage., 
of St Filippino. It is a retreat or dwelling established beneath 
a large rock of travertino. On the door is inscribed : Questo 
liocho fa dificato da Rhabo7ie ribeUato. It derives its name 
from St Filippo, a Florentine, who withdrew from the world 
and hid himself there for three months, to avoid, it is saidy 
his election to the Popedom, when Gregory Xth was raised to 
that dignity. 

The village, named after this humble recluse, is small, and 
has a miserable appearance. The houses are ill constructed 
and badly kept : the church also is dedicated to, and contains 
many relics of the saint. It belonged from the eighth century 
to the Abbey of St Salvador del Montamiata ; was then taken 
possession of by the Lords of Campiglia ; afterwards by the 
Republic of Sienna ; and, lastly, was comprised in the Grand- 
dukedom of Tuscany. 

From the most remote periods, San Filippo has been famed 
for its mineral waters. The nations of Etruria used them, and 
the Romans constructed baths there, as appears by the medals 
occasionally found, and by the remains of some Ionic columns, 
reticulated walls, &c. These were afterwards destroyed, and 
subsequently covered by earthy depositions. In the 14th cen- 
tury they were again rebuilt and destroyed ; and at a later pe- 
riod, the Grand Duke Ferdinand having used them with advan- 
tage in a painful chronic affection of the head, this cure has 
been transmitted to posterity by an inscription still existing in 
the village, in the following words : " Ferdinandus II. Magnus 
Dux V. dum adversa valetudiue laboraret, thermis hisce capitis 
languore depulso, bene convaluit : Lselvvia G\3Xvs3toMa^ ^ t^s&t 
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tuti Principis gloriaiD, hoc egreffss medelas numumentum posteiis 
excitavit, A. D. 1635.^ At present two small rooms are the only 
places in which the water is employed in the form of baths, and 
of douches or in stream. The price of the baths is moderate, 
and the administration of the douches does not increase the 
expense. The nimiber of patients is not so great as at the 
Bagni di Vignone, but seems increasing, from the reputation the 
water possesses in rheumatic and cutaneous affections, and in 
eome species of tumours and ulcers. The water of the warm 
springs is not administered internally ; the Acqua Santa being 
preferred for that purpose, as an excellent solvent in calculous 
diseases. The peasants also use the cavities, in which the sul- 
phur subUmes, as vapour baths, and speak highly of thdr effi- 
cacy. I had no opportunity of witnessing the application of the 
baths, nor of conversing with any physician about them ; but if I 
may judge by their tempd*ature, they must possess the same ad- 
vantages as other hot springs in Italy, of which the effects have 
been well described, — as those of the Baths of Lucca by Frances- 
chi, and of the Bagni di Pisa by Santi. Their activity must even* 
be increased or modified by the presence of c)arbonic and sulphuric 
acids, of sulphur, and the eartliy salts. Precise observations on 
their influence are therefore very desirable, and might give 
rise to some new views on the subject of baths, now so much in- 
vestigated. 

San Filippo is not only interesting in a geological and medi- 
cal view ; it deserves to be visited by artists on account of a ma- 
nufactory of medallions in basso rehevo, which is there carried 
on. It having been observed that bodies exposed to a current 
of the spring soon became encrusted with a hard and white 
stony layer, it occurred first to a Mr Vegni to employ this pro- 
p«ty of the spring to multiply impressions of medals, by esta^ 
Wishing a manufactory for the purpose. In this enterprize he 
was encouraged by the Grand Duke Leopold, the brotlier, and 
at that period the imitator, of the immortal Emperor Joseph II. 
who visited the place, and gave every aid to M. Vegni. Some 
time after, ax r in wood, M. Pagliari, a native of Genoa, 

visiting San his return from Rome, where he had 

been educat to remain there to superintend the 

establishmen h1 so well, that M. Vegni, at his 
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d^th^ left him his property in San Filippo. There he has com 
dnued to reside for forty years^ and though now seventy-fouif 
years of age, and much deformed, he is still very active, and 
has contributed to benefit the village, not only by his manu£EU> 
tory, but by the establishment of the public mills, and the main^ 
tenance of the baths. Under the French Government this 
nianufaetory flourished : it is now in decay. I am indebted to 
M. Pagliari for the following details of his process, which he 
communicated with the greatest liberality, to which I listened 
with the greatest interest and pleasiu-e, and which I saw put in 
execution near his habitation. 

As the water of the spring contains earthy substances of dif* 
ferent qualities, some of which do not become very compact 
when consolidated, the first step is to separate these by simple 
precipitation and crystallization. With this view, the water is 
conducted from its source in snlall superficial canals^ in the 
course of which are three pits, between 2 and 8 feet square^, 
placed at the distance of 5 feet from each other. During its 
progress, the excess of carbonic acid, combined with the earthy 
matter, escapes, and a portion of carbonate and large crystals of 
sulphate of lime are deposited in the pits. Thus freed from its 
grosser parts, the water is conveyed by a tube to the summit of 
a small chamber, from which it falls freely through a space of 
10 or 12 feet upon a frame-work of wood of a pyramidal form, 
about 2| feet high by 1 foot in diameter. Within the frame 
are disposed horizontally three series of flat cross sticks, placed 
about 9 inches below each other : each series is made to cross iii a 
direction diflerent from the one above it, and the crossed pieced 
increase in number and size as they descend. By this arrange*^ 
ment, the falling current is necessarily broken and dispersed 
with rapidity around the chamber. The moulds from which 
the casts are to be taken, are formed either of plaster of Paris^ 
sulphur, or^ what is better^ of glass. If the parts of the ftcw rdief 
to be copied are not very prominent, the mould is formed of one 
jnece ; but if there are great inequalities, it is then formed of 
two or more pieces. The moulds are rubbed lightly over 
with a solution of soap^ and are attached by iron wires to naiv 
row pieces of board, which are disposed almost perpendicularly 
round the frame of wood, at the distance of S or 3 feet. In 
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this position tliey receive an equable and continued da^ of wa- 
ter, in form of an artiticral rain, during which, tlie deposition 
takes place, and the water rapidly escapes, — condlUoits aU 
which are necessary lo ubtain a solid and sentitransparent 
fike niarhle. A reduction ol" temperature in tlie chamber is 
to required ti> favour tlie de^xisition, but a current of cold air 
not admitted, both because it would prevent tlie equable distri- 
bution of tlie water, and render tlie cast itself brittle. The 
ohaniber, therefore, has openings only in its upper part, to per- 
nit the rapid escape of the eontiuned vapours. The moulds are 
thus left exposed to the action of die water, from ten or twelve 
days to two or tlircc months, according to the size and thick- 
ness, or incquahties of the cast. A cast of S or 3 inches 
diameter, requires a thickness of at least 2 or 3 lines ; one of 
6 inches, 4 lines ; of 1 foot, 8 lines. The costs are ea^y de- 
tached from the moulds, their edges clipped, and their front 
surface rubbed first witli a subtile powder and water, and then 
polislied with a paste composed of soap and calcined she^ 
bones. They acquire thus a smooth shining appearance, and 
their semi transparency is improved, while the hack surface or 
reverse remains dull and roug-h. 

By an ingenious variation of the process, the artist is able to 
form casts of differently coloured marbles, presenting thus 8 
white figure in rc/ig^on a darker ground, and vice versd. This 
is done by coveting the plain pai^ of the mould with a thin 
paste, so that the deposition sliall be made only into the sunk 
parts. When tliose parts 3re filled, the paste is detached, and 
the whole exposed to a water previously coloured, by dissolvmg 
a colouring substance in the last of the three pits. In this 
manner, while the raised- parts have the ordinary colour, tliose 
of the ground exhibit that of the colouring matter employed, 
Metallic colours are preferred to vegetable, and oxides of iron, 
in partiailar, give their appropriate colours, witliout impairing 
the solidity of the stone. 

Lastly, Impressions of engravings may be transferred to 
atones thus e"^^ "v prepared. The subject is fii-st engraved 
en a metalli it little printer's ink passed over, so as 

to colour li{ )W5. The plate is exposed to the 

action of t e manner already described, and 

when the cai le engraving is represented by black 
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ptominent lines, on a plain while ground. These black promi- 
neat lines are then separated by a thin and sbarp knife ; the 
cast is next warmed, and printer's ink rubbed over it, when 
die colouring matter is seen to adhere only to the parts that 
have been scratched, and die drawing on the stone corresponds 
exactly to the engraving on the plate. This process may 
perhaps fumisli some hints for the improvement of artificial 
stoBe-en grav ing. 

Notwithstanding the hardness of these casts when tried by a 
knife, they break without difficulty when a strong pressure is 
applied unequally to their surface, which may be accounted for 
from the fibres of the stone being ahurt, parallel, and perpendi- 
cular to the surface, as in some species of sulphate of lime. 

I subjoin a list of the prices of the casts sold by M. Pagli- 
ari at the place of manufacture : 

N£ut of 1 inch, 1 paolo. Cast of 6 inches, 9 paoli. 
^ S^ IS 7 10 

5 6 1 f. G 30 

A pauIo = 4d. English money. 
AAer having tlius passed some hours with M. Fagliari, and, 
from the liill immediately opposite to the village, taken the 
sketch of his habitation, as given ia I'late IX., I pursued 
tay journey, in despite of wind and rain, across tlie loot of tlie 
mountain. In this route, I had the misfortune to experience 
the fragility of the casts of San Filippo, liaving,, by a fall, 
broken all the specimens I liad taken away with me. I toon 
passed the torrent of the Rondinaya, and came again into the 
road of Radicofani, which begins liere to ascend, and cont'mues 
so for three miles. In ascending, I observed the sides of the 
road covered with detached angulated blocks of basaltic atone, 
which increased in size and number, and were intermiited with 
small pieces of a light iiard porous lava, of a reddish-brown or 
blackish colour. Tliey announced the near neighbourhood of 
the crater of the ancient volcano of lladicofuni, known under 
tlie name of La Badia, and through which passed the Via Bo- 
mana, the remans of which are still visible. The country here 
presents marks of dreadl'ul devastation ; the crater and its sur- 
rounding parts being filled and covered Vii.\\ enoTmiiw^iVv.crt^^'i, 
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and with the lava ejected by the eruption. Radicofani i» a 
small miserable village or borgo near this place, and surmoYmt- 
ed by a ruined citadel, built on elevated basaltic rocks. 

As I know that this volcanic district has lately been visited 
by an able mineralogist of Geneva, I hope to be able to send 
you a more particular account of it, if you shall deem it worthy 
of your attention. 

Edinburgh, \ 
}Oth February 1820. j 



AttT. XV. — Jn Account of severed Slu)cJcs of Earthquakes 
and other Remarkable Phenomena^ which occurred in South 

, Carolina previous to the Destruction of Laguira and Carac* 
cas^ and the Eruption of tlie Sofufriere, By Mr Tartt. 
Communicated by the Author, 

X HERE is not, I believe, any well attested account of an 
earthquake having occurred in South Carolina, from the period 
of its discovery to the year 1811 ; and as there are none of 
those volcanic appearances and remains in its vicinity, that usu- 
ally indicate the immediate seats of such phenomena, it is rea- 
sonable to conclude, that the earthquakes of 181 1 and 1812", 
were merely vibrations attendant upon the more alarming con- 
vulsions, by which the destruction of Laguira and Caraccas, 
and the eruption of the Soufiriere, were produced. 

The former, it wdl be recollected, occasioned the loss of from 
fifteen to twenty thousand lives; and the trembling of the 
earth^s surface that took place in different directions about the 
same time, was probably more extensive than any previously 
upon record. 

I was then in Carolina : and as it appears that the only assis- 
tance we can contribute to science, during our ignorance of the 
precise causes of these sublime efforts of Nature, is by correctly 
detailing th'^ '* ^"^ attending them^ I have been induced to col- 
lect the fo ^randa. 

The clc 811 was accompanied, in the climates 

I speak of most awful phenomena to which our 

system is 1 pass over the appearance of the co- 

jnef and ai m as merely coincident, and witness* 
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ed in common with other countries. In addition to these, the 
island where I then resided was completely deluged, on the 
10th September, by one of those inundations of the sea that oc- 
caaonally occur in tropical climates about the time of the au-» 
tumnal equinox ; and, excepting a space considerably less than 
a quarter of a mile, the waters of the Atlantic and the Main- 
land, materially beyond our reach, were the only objects upon 
which the eye could rest. This had scarcely subaded, when 
the city of Charleston, (whither we were about to remove), was 
visited by a tornado, more dreadful in its extent and effects 
than any in the memory of the oldest inhabitants. The wind, 
which had been for some days light and variable, shifted on the 
8th to the north-east, and blowing very fresh through tj;ie night, 
it continued in the same quarter all the day and night of the 
9th. During the whole of thb time, there was an almost unin- 
terrupted fall of rain ; and on the morning of the 10th, the 
wind blew with increased violence. About 10 o'clock, it shift* 
ed to the south-east, and soon after 12 it suddenly became 
cahn. A heavy rumbling noise, resembling the sound of a car- 
riage rapidly driven over a pavement, was then heard ; and a 
toniado, extending about one hundred yards in width, passed 
like lightning through a considerable section of the city, in- 
volving alike the habitations and the inhabitants in instant de- 
struction. Proceeding up the harboiw, the first object it struck 
was the flag-staff of one of the forts, of more than ordinary 
thickness and strength, which was snapped in a moment : and, 
with the same ease, houses of conidderable size were not merely 
unroofed or injured, but completely overthrown like the play- 
things of an infant. Large beams of wood, and masses of lead 
and iron, were carried for several hundred yards, and nearly 
buried in the walls of other buildings ; yet, so confined was its 
operation to a particular current of air, that comers and parts 
of houses were taken off, as if divided by some mechanical in« 
strumcnt, and the remainder of the buildings left uninjured* 
About twenty lives were lost ; one of them under very remark- 
able circumstances. A lady was reposing with her sister on a 
bed in an upper apartment, when the tornado reached the 
house. The noise so alarmed a negro ^rl in waiting, that she 
ispught for refuge under the bed upon which her mistress was 
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lying. A stack of chimnies was struck with such tremeDduiu 
violence, that, fulling on the roof, it forced its way through ths 
house to the ground, precipitating the fioors along with it Th* 
bed fell with them; the ladies escaped without injury; l»l 
the negro girl beneath it was crushed to pieces. 

In another instance, a young female wlio was attending her 
dying mother, was carried by the hurricane from the room is 
which she sat, and dashed against a building at a very considetft- 
ble distance. 

In the interval between this calamily and the concussions of 
the earth, (the first of which occurred on the 16th of Decem- 
ber), various meteors and balU i>f fire, of different sizes and ap- 
pearances, were obser^■e(l. One of Ihem, of a magnitude calcu- 
lated to excitf alarm, was seen by spectators who were an hutt- 
dred miles asunder, about 3 o'clock on the evening of the Sltk^ 
November, mov'mg with great rapidity in a south-west directioiL' 
It illuminated the ground and Ihe surface of tlie waters, as if a 
torch of burning matter bad been pasidng over them, and was 
conjectured, though it must have been vaguely, to have been 
about ten or fifteen feet in diameter. The season was unusual- 
ly warm. Large apples, the produce of second crops, were 
*een in November ; and on several plantations there were second 
crops of rice, which had not occurred for forty years. It may* 
also be remarked, that tiiere was considerably less thunder di^ 
ring the year 1811 than usual ; the number of days, which ctHO-' 
monly averages 60, having only amounted to 88. 

On the morning of tlie 16th of December, about 5 miiiutes 
before 9, the first shock was felL It awoke mc from my sleep; 
and was said to have been preceded by the usual rattling noise. 
Being imapprehensive of such an event, my first impression waa 
that the hi>use was falling, and the cracking of its dmbera 
Btreiigthenetl me in this impresaon. Proceeding down stairs, 
however, and the noise having subsided, I began to be doubtful 
how far I might be under the influence of some mental delu- 
sion ; and, returning to my bed, I found it still rocking firoil 
the effect of I shock which look place about 3 o'clock. 

And a third i ' minutes before and 10 minutes past 

8 o'clock, le satisfied as to the cause 

liad occurred 
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From this time to the llth of February, fourteen diBtincl 



shocks were felt, of which 


the most violent 


were 


the follav 


ing: 










On the 16th Dca 1811, 


at 2.55 A. M. 


Its 


iiralion 2 min. 


Same (lay, 


7.57 A. M. 






SOsec- 


17th Dec. 


0.50 1'. M. 






20 sec 


eSil .Ian. 1812, 


9.15 A. M. 






IJ min. 


7th Pch. 


3.53 A. M. 






7 min. 


Some day, 


10.57 P. M. 






9 min. 



The motion was generally from cnsi to west, but it was not uni- 
form. In December it apjjeared to be undulating ; in January 
violent and irregular ; and in February it aeenied similar to a 
fudden jerking to and fro of the earth's surface. Between the 
concussions, a tremor of the earth was frequently perceptible, 
and light pendulous bodies were then in a state of almost coHi. 
stant vibration, The motion, during the severer shocks, was 
sufficiently violent to break the glasses of pictures han^ng 
against the wall, and the pavements in several of the streets 
were cracked. Many persons also found it difficult to prffierve 
themselves from falling. 

The sky was generally, though not uniformly, dark and 
hazy, sometimes tinged with red, and the shocks were preceded 
and accompanied by severe cold, and frequent fc^, of a den^ty 
unusual to the climate at the season and times when they oc- 
curred. The shock of the 7th February was attended by a 
noise like distant thunder ; and during the night, the sea on the 
bar, about eight miles distant, was heard to roar unusually loud. 
The ^ock of the following evening was accompanied by a 
sound like the rushing of a -violent wind, and with several 
flashes of very sharp lightning. 

The llierraometer at 8 o'clock on the evening of the 15tb of 
December was 59^, and the barometer 30° 45". Tlie moming 
of the first earthquake (the 16th), the barometer continued the 
same, but the mercury in the thermometer had sunk to 4©". 
The last of these awful visitations was a slight tremor, which 
was felt on the day following the destruction of Laguira and 
Caraccas ; and they passed away without a single instance of 
persona] injury or destruction of property : hut, unaccustomed 
as the inhabitants h;id been to any thing of a similar naijitft, 
their consternation and alarm were very consvAet^Xe. K "^tofiisv- 
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mation was issued by the governor, appointing the 11th of 
March as a day of humiliation, religious reflecticm, and prayer; 
pnd a tone of seriousness and pious feeling was for a long time 
perceptible, where it had previously seldom existed. 

The earthquakes in Venezuela have now become matter of 
history, and have lately been ably detailed in the Philosophical 
Journal ; but as the accounts of eye witnesses to such calamities 
are always possessed of interest, I may be allowed to conclude 
the present paper by the following extracts from letters written 
irom Caguira at the time : 

** On the ^th of March, at 4 o'clock P. M. there was a very 
^ere shock of an e£p*thquake, which destroyed nearly the 
whole of the city of Caraccas, and all the town of Laguira, 
with the neighbouring villages. About 10,000 people were 
buried in the ruins; 2500 in Laguira. Four shocks were 
heard and felt on the night following, but not heavy enough to 
do any damage. On the 27th ult the people that were living 
were employed in dig^g the dead from under the ruins, put- 
ling them in lighters, carrying them out^d^ the shipping, ancl 
burpng them in the sea. On the 28th the s^a was 30 rougl^ 
as to prevent their t^ing thqm off. They then built a large 
£re near the wharf, and commenced burning them, and burnt 
about forty at a time. On the 29th the stench had become so 
bad, they left off digging any more dead from under the ruins, 
and all the surviving inhabitants pitched their teiits on the 
plains. On the 4th of April there was a very heavy shock, that 
made the vessels tremble as if they had been on a reef of rocks ; 
and from the Independence we could see the mountains move 
^e a ship in a heavy sea, and large pieces rolling off them. 

** Not a house is left standing that any one would venture tq 
remain in for a single hour, and nine-tenths of the town are level 
vith the ground. It is shocking to see, at the close of the day, 
^eads, arms and legs that have remained unbumt, as the fire dies 
^way, and the stench is intolerable; and as no day has passed 
without a shock, we are waiting in fear and trembling to know 
when it will be entirely over, or what the effect of the next will be.*" 

This scene of misery commenced on the 25th of March; an^ 
on the 26th of the following month, the eruption of the Soufrier^. 
took place. 

LfVERFooLf January 31A82,0. 
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Art. 'X.YI.i'^Account of the Mine or Quarry of Corundum in 
SingraiUa. By Francis Hamilton, M. D, F. R. S & F, A. S. 
Liond. & Edin. Communicated by the Author, 

JL HE principal Quarry of Corundum perhaps in India, is in 
the territory of the Singraula Raja, about eight miles south 
from Sahapur, where that chief usually resides, and about 120 
miles from Merzapur, on the bank of the Ganges. In the 
rainy season of 1814, I went to the latter place in hopes of be- 
ing able to visit the quarry; but several untoward drcum- 
stances prevented me, and I was under the necessity of con- 
tenting myself with such an account as I could procure from 
the traders, who had visited the place to purchase the com* 
modity. 

I was told by them, that the quarry is on a low ridge, cover- 
ed with small fragments of the corundum, or Jcorund^ as it is 
called in the Hindwi dialect. By removing these fragments to 
a very Uttle depth, larger masses are found ; and such are usu- 
idly selected, as are from the size of the fist to that of the head. 
Many larger masses are found ; and when there is a deficiency 
of small pieces, these larger ones are split by kindling a fire on 
and round them. To judge from the appearances of the pieces 
brought to Merzapur, the large masses seem to consist of a 
number of smaller ones, somewhat rounded at the angles either 
by friction or by a partial decomposition, and afterwards con- 
glutinated by an earthy substance continuing a good deal of 
mica \ for it would not seem that the fire rends asunder the en- 
tire stone, it seems only to separate the nodules, by rending the 
substance which had conglutinated them, part of which I found 
adhering to their surfaces. 

Some of the traders asserted, that the whole ridge consists of 
korund; while others alleged, that the korund is only scattered 
on the surface or at small depths, and that the mass of the ridge 
consists of a stone similar to that which is used for building at 
Merzapur, that is, of the sandstone considered by some of the 
best mineralogists as nearly allied to quartz-rock, if it be at all dif- 
ferent from this substance. All the traders agree, tliat the whole 
rocks which they have seen between Merzapur and the quarry, 
{ire of this sandstone ; and it no doubt f oxm^ \>axV o^ ^'^i ^^saX. 
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chain ofquartK-rock, which I have mentioned in pving an 
count of a diBoiond mine in the First Number of this Journal 
We may here so far trust the report of the traders 
lieve, lliat the grAtcr portion of the rocks by the way consists of 
thia sandstone or quart7,-rock ; although it is prolKible, that, 
such an immense mass, many beds or veins of a different nat 
are contained, which naturally enough escaped the notice of 
traders, none of them being in demand. 

Among the masses of korund brought to Merzapur, I foui 
nBora6 pieces of while quartz brought by mistake ; and many 
the masses of korund, when broken, shew that in their st 
iKance are imbedded pieces of green talc and of micaceous iron- 
besides the particles of mica that are interposed between the 
ises. Whether or not, however, the quantity of quartz, tak, 
-mid mica, tliat are intermixed, is so considerable that the masses 
[ ehould lie conadered as portions of an aggregate rock, it b im- 
possible to say, without visiting the place, as of course the tra- 
iflers select the masses that are most free from intermixture. 
'The quantity brought to Merzapur for sale is pretty considerable, 
as this town supples all the provinces towards the east The 
vianity of the quarry is inhabited by persons of die rude tribe 
called Kol, to whom the traders carry a little salt, doth, and 
various trifles, and from whom they recave chiefly iron and 
this korund. For the latter, ihey seem merely to give a small 
allowance to the Kol, who help them to dig and break as much 
will load their oxen. The Raja seems to make no cl^m. 
The korund from this quarry assumes a variety of appear* 
anccs ; but, although I looked over great quantities, I percav- 
ed no crystals, nor did the traders reaillect having seen any 
thai form. The generic marks of corundum seem to be 
hardness and great specific gravity. The native artificers 
tinguish that of this quarry into different kinds, aa suited for 
different purposes : some serves to clean small arms, some to 
grind cutting instruments, and some to polish stones ; but I did 
not learn the mark - by which the artificers di.stinguish the di£. 
I'erent kinds; "' is said, that they can distinguish then) 

at sight. Se mens which I brought from thence, 

by my mine ntances at Edinburgh were ca^Ud 

Corundum, i ind others Fibrolite ; while others 

alleged, that ■ belong in fact to one substance: . 
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nor 13 there any reason to suppose, that tlie three kinds thus 
distinguished by some of the mincraiogists, correspond at all 
with the three kinds a^kDowledgcd hy the Indian artificers. 
I have, however, httle doubt, that a proper txamiAation of nu- 
iTierous specimens would enable a judicious mineralo^st to di- 
vide corundum into several species, possessed of pecidiar quali- 
ties to suit each for some useful puqxjse, and not founded on 
hypothetical conjectures respecting dieir formation, or trifling 
variations of appearance, wliich arc only worthy of notice, so far 
OS they may enable us to distinguish the substance from others 
of a different nature, and the various useful species from each 
other. 



Aet. XVII.^Jccoim( i^ Rocks formed by Hat-SpriTiga, Tor- 
rents of Hot Water, bursthig of Subterranean Lakes, Air- 
Vokanoea, and Ctdil-Springi. By Professor Jameson*. 
1, Rocks firmed Ji-om ifie Water of Hot-Springs. 

XtjLaNY of tlie more observing and inteiligent of the inhabi- 
tanW of Iceland believe, that certain rocks in their country have 
been formed by deposition from the water of hot-springs. This 
opinion, which at first sight appears very improbable, was 
adopted by the travellers Olafsen and Tovelsen, who were 
several years occupied in examining the natural history of that 
remarkable island, and who desciibc whole mountains as having 
been formed by hot-springs. And, very lately, M. Menge, as 
stated in the last Number of our Journal, retiuiied from 
Iceland fully convinced, that very extensive formations of (/icr- 
mal rocks extend throughout lliat extraordinary country. As we 
consider this fact one of great geological importance) we shall 
now lay before our readers some account of the observations of 
Olafsen and Povelsen and Menge, and accompany it with occoi- 
sional remarks. 

In the Borgarfiord district, in southern Iceland, tliere is a 
striking and lofty mountain named Baula, of a while coloiu-, 
and of a rather irregular structure. Nearly the whole mass, 
from its base to its summit, as determined by numerous natu- 
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ral perpendicular sections, is ccnnposed of a rock described 
by Olafsen and Povelsen under the title, << Saaum iopha- 
eeum aUndttm columnare rive bcuoUiforme^ and ^idi they 
say is named by tlie Icelanders Baula-stone, beoiuse it occurs 
only or principally in this mountain. It is either massive, 
or disposed in columns, having three, four, five, six, seven, 
eight or nine sides, and of a middling degree of hardness. Ex- 
ternally it is pale red ; internally it is whitish, and feels dry and 
sharp, and is lighter than true basalt It does not effervesce 
with acids. They further remark, that it resembles other co- 
lumnar rocks in form, but differs from them in colour, feel and 
weight ; but agrees in so many characters with deposites found 
around hot^springs, that they consider the whole mountain as a 
thermal formation^ which was at first soft, - and in the state of 
bole, but was afterwards hardened by the influence of internal 
heat. These travellers found a rock of the same description on 
the summits of the highest mountains in Iceland, principally in 
the Westfiorden. A second thermal rock is described under 
the title, ^* Saarum concreium tophaceum stratasunij colore pal- 
Udo^ and which is named by the Icelanders Hverhella. It 
is generally of a white colour, is more or less vesicular, some- 
times inclines to vitreous, and possesses considerable hardness. 
It often occurs in large beds, which are either horizontal or ir- 
regularly disposed, where hot^springs are in a state of activity, 
or in places where hot^springs formerly existed, but have long 
since ceased to play. Connected with both these rocks, there is 
a vitreous or glassy looking substance, of the nature of obddian, 
but very different from the volcanic mineral of that name,*— the 
one being a product of hot'springs, while the other is perfectly 
melted volcanic glass. A third thermal rock is particularly no- 
ticed by Olafsen and Povelsen, under the name " ScLxum to- 
phaceum hrunneo^aUidum liiJioaylis phytolithisqut rtpletwmT 
It is of a brown colour, vesicular, but not to the same d^ee 
as the preceding kind. It contains portions of vegetables more 
or less completely «^ilicified. It is found in the vicinity of hot- 
springs, an< 'i^stricts where hot-springs were formerly 
in activity. mal rock is named " Saarum topha^ 
ceum simili s thermarum!^ This curious rock 
is of a bla< hand specimens very much resemi 
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bles earthy dag. It is formed by the hot-springs of Leyraa, 
and also by the waters of many other hot-springs in Iceland. 

Besides these mineral productions of hot-springs, the Danish 
naturalists enumerate the following, which ar« of a looser texture: 
1. BoltLS vtdacea. This violet-coloured bole or clayeffer- 
Tesces with acids, and is found in great quantity around active 
hot-springs, and in extensive districts where such springs for- 
merly existed. 

8. Bolibs tliermarum cceruka. This blue bole contains im- 
bedded crystals and grains of iron-pyrites, occasionally sulphur, 
and has a sourish taste. Some of the eminences formed of it are 
still hot, so that if we dig three or four feet deep into the bole, 
the heat is so great that we cannot hold our hand in it. Whole 
hills are formed of tliis bole, which, in such cases, is frequently 
disposed in strata. 

3. Bolus brurmea. Tripoli of Iceland, This rock is hard, 
and sharp to the feel, and has many of the characters of Tripo- 
li. It appears to be a thermal bole or clay, impregnated with 
silica. The water of hot springs flowing over such a rock, 
might give rise to veins and masses of pearl-sinter, hyalite, 
opal and obadian. 

Such are the observadons of Olafsen and Fovelsen, which ap- 
pear to shew the formation of colunmar and massive rocks by 
hot-springs, and also of obiddian, hyalite, pearl-sinter and opaL 

Dr Henderson, in his Travels in Iceland, alludes to the forma- 
tion of rocks by hot;-spriugs ; but Sir G. Mackenzie, in his work, 
does not refer any of the rocks he met with in Southern 
Iceland to the thermal class. Menge, an. active naturalist, was 
aware of the interesting and important nature of these thermal 
formations. He observed thermal rocks having many of the 
characters of basalt, porphyry, wacke, amygdaloid, tufia and 
obsidian. These he met with in districts where formerly hot- 
springs occurred ; and observed them still f<Mining around many 
of tlie magnificent hot-springs at present in a state of activity. 
These thermal trap-rocks, viz. basalt, wacke, amygdaloid with 
calcareous-spar, porphyry, &c. are brought from the interior of the 
earth, by the water of hot-springs, partly in a state of solution, 
partly in a state of mud, and are deposited over flat or hilly 
■ tracts of country, when they gradually harden, sometimes cry- 
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; and assume iheir various permanent clmracters. The 

lygdalokial traps appear to be formed in tlitwe coses where car- 
tnnate of lune is present ; tlie obsidian where dissolved silica pre- 
vails ; and in the same general way wc might account for the for- 
mation of the other rocks. In tlie coUection of Islandic Mine- 
rals presented to the Museum of our University by Sir Greorge 
Mackenzie, there ai-e specimens of a few of these thermal 
rocks; but the series not being complete, we cannot from it 
draw up an accurate statement of the characters which they 
exhibit in liand specimens, far less point out in a satisfoctofj. 
manner, those general features that characterise them as a mem--- 
ber in the grand series of mountain rocks. Menge has promis- 
ed to transmit a set of these remarkable rocks, whicli will afford 
us an opportunity, in some future number of our Jouma], U, 
make our readers more particularly acquainted witli them. 

In other parts of the world, where hot-springs have flowcd^j 
or still continue in activity, Hmilar formations, we have 08 
doubt, will be met with. The brecmis and tuSas in the tra- 
chyte district in Hungary, and which contain opal and opaJised 
wood, appear to be formations of hot-springs. Probably even 
some of the trachytes have lieen formed in a similar way. The 
same remark applies to some rocks found in Auvergne. But 
besides these trap and porphyry rocks, hot-springs also throw 
out and form rocks of a calcareous nature. The hot-springs of 
Carlsbad in Bohemia are of tliis description, and the well known 
hot-springs of San Fiiippo in Tuscany, have formed a hill of 
calcareous tuffa, in many places as compact and hard as lime- 
stone •. The famous rock named travertino by the Italians, 
and which abounds in South-western Italy, is a product partly 
of hot, partly of cold springs. The ancient temples, and the 
gorgeous palaces and cliurches of Rome, and indeed the wbole 
of the streets and squares of the former Mistress of the World^ 
are built of concretionary masses whicli have been deposited by^ 
springs. 

There ore many considerable hot-springs around Quancaveli- 
the waters of which spread over the 
Vposit upon it an ash-grey or wbit-< 
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ish substance, fcalc-tuff, anter and travertine f), which ac- 
quires B great degree of hardness. Tlie spring-water is so highly 
impregnated with the earthy matter, that the inhabitants receive 
it in square boxes or moulds, which it fills in a lew days, and the 
blocks, thus formed, arc used for building. Indeed the greater 
part of GuoncaveHca, hke Home, is built of the concretionary 
rock formed from springs '. 

2. Rocks farmed Jroni torrents of Hot-Water issuing from Vol- 
canoes. 
There are on record authentic instances of torrents of hot 
water flowing from the crater or the sides of volcanoes, when in 
a state of activity, which, when collected in hollows, or spread 
over plains, deposites various earthy matters, whicli at length 
assume the character of rocks. In the year 1751, a torrent of 
salt water burst from j^tna, and continued to flow for a quarter 
of an hour, and was so considerable diat the inliabitants named 
it NUo d Aequo. Doloniieu and Hamilton observed traces of a 
frightful torrent of hot water which liad issued from the great 
crater of Miaa. ; and Spallanzani is of opinion, that part of tlie 
tuffas of Italy have been formed by muddy eruptions. In 
those volcanic mountains whose summits are above the snow 
line, as is the case in Iceland and in South America, great floods 
of hot water, charged with earthy matter, burst from die moun- 
tains and devastate tlie surrounding country. Bougucr and 
Condaraine saw dreadful ravages com mittett by these torrents; 
and the lattpr writer informs us, that after an explosion of Goto- 
paxi, a village situated tliirty leagues in a sti-aight line, and pro- 
bably sixty leagues following the wavings of tlie ground, was en- 
tirely carried away by one of those torrents. These torrents from 
the ic&«ape(I volcanoes, api»ear to be entirely external, while those 
first mentioned seem to come from the interior of the volcanoes. 

■ Masses of siliceoua matler, probably the foraialion of hot-springe, have been 
fonnd, inclosing foreign liodiea of dilTerenC kinds. Of this descriplian aro the 
misses of nliccnus matter iDclodng cointi, described by aulbors, and which have 
been hdd as fabulous. The followlnglaan instiuicc of this fact. In the year 1S13, 
a mou of flinty matter, tiielve inches long, was dug up in France, in the Inlctior 
of which there were several coins, the most andent of which were of (he dxtcentti 
century. {Juumal dea Miner, p. 23.) VtgetableB are ulso occasionally found 
included in a siliceoua baais of an opaline or chalcedonic nature, and uf these 
Daubenton and others have given particular descrl^toni. 
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8. Rocki Jbrmed hy Torrents of Mud Jlowing Jrom Subterra- 
nean Lakes. 

In the interior of volcanic mountiuns, there sometimes occur 
caverns or hollows partly filled with water, thus forming subterra- 
nean lakes. The earthquakes that often agitate these mountains, 
are occasionally so violent, as to produce great rents, which give 
free passage .to the water of the lakes, which bursts forth with 
tremendous violence, deluges the neighbouiing country, and 
covers it to a greater or less extent, and with a more or less deep 
crust of mudd}^ matter. In the earthquake of the year 1746, 
which overturned Lima, four volcanoes opened at Lucanas and 
in the mount^uns of Conception, and occasioned frightful de- 
luges. The volcanoes of the kingdom of Quito sometimes ex- 
hibit phenomena of the same kind, but accompanied with cir-^ 
cumstances so ex^i^iordinary, that we shall now state them. 
The enormous volcanic cones of Cotopaxi, Pichincha, Tun- 
gouragua, &c. in South America, never throw out lava, but 
frequently ashes, scoriae, and pumice, and' sometimes vomit 
forth immense quantities of water and mud. These eruptions 
take place more frequently from the sides than from the craters 
of the volcanoes, and the muddy waters appear to be derived 
from lakes situated in the interior of the mountains, which burst 
forth with incredible fury, when any accidental cause, such as 
an earthquake, splits, and thus opens the side of the mountain. 
In the year 1698, the mountain of Carguarazo, near to Chim- 
boraco, fell down and covered eight square leagues of country 
with mud. In the earthquake of the 4th February 1791, 
40,000 persons were destroyed by eruptions of water and mud, 
(moya). Muddy waters, resembling those which flow from 
volcanic mountains, are vomited forth in great quantity, from 
districts where no volcanic rocks occur, when these are agitated 
by earthquakes or other causes. In Peru and Quito, the deva- 
stations occasioned by volcanoes are not caused by streams of 
lavay but by water and enormous streams of mud. This sub- 
stance, whic^ «♦ ^ '^t has only the consistence otbouiBi, but soon 
hardens oi * ' named Moya, It presents two remark* 

able phen intermixture of inflammable matter 

and of fisl niable matter is so abundant that the 
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inhabitants of the districts use it in place oi fuel. The moya 
which Was thrown out after the terrible earthquake of 1797, 
and which inundated the country of Peiilco, and destroyed the 
village of that name, was remarkable for its abundance of in* 
flammable matter. Very often these streams of mud from the 
interior of the mountains, bring along with them fishes about 
four inches in length, named by Humboldt Pimolides Cyckpum^ 
and the quantity is sometimes so considerable, that their putre7 
faction occa^ons diseases in the country. Humboldt remarks, 
that they are of the same species as occur in the rivulets of the 
neighbouring country, and appear to find th^ way into the 
subterranean lakes by means of fissures in the rocks. This 
mud or moya, so remarkably distinguished by its inflammably 
ingredient and imbedded fishes, is further interesting, by its con- 
taining traces of glassy felspar, and imbedded portions of a fibrou^ 
substance somewhat resembling pumice. It is probable that it 
is an altered porphyry ; and we are of opinion, that when com- 
pletely indurated, it will exliibit characters of the same general 
nature with tliose observed in some porphyries, s£|jid to be of 
volcanic and igneous origin. 

4. Rocks Jbrmed hy Air or Mud Volcanoes. 

In some countries, jets or great bubbles of water, highly im- 
pregnated with mineral matter, are thrown out of the earth by 
means of gas. The earthy matter is deposited In the state of 
mud, principally around the mouths of the cones from whence 
it is expelled ; and as these cones somewhat resemble volcanoes 
in form, they have been named Air-volcanoes, One of the most 
remarkable of these air-volcanoes hitherto described, is that of 
Macalouba in Sicily, of which an account has been published by 
Dolomieu. It consists of a hillock of hardened mud, about one 
hundred and fifty feet in height. Its superior part fortns a 
plain more than half a mile in circumference, and rising from ^t 
are numerous small cones not more than three feet in height, each 
of which has a crater or hollow filled more or less deeply with a 
liquid mud, which is in a state of perpetual agitation, owing to 
the constant passage of great bubbles of air through it Por- 
tions of the mud arc constantly thrown out, and thus add to the 
bulk and height of the cones. 
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the state we have just describt 

but not always, for It is occasionally very much agitated, i 
^hihits phenomena of a more striking and extensive natutV 
Wlien this is the caSc, loud internal noises are heard, and i 

accompanied with sharp shocks of earihquakes, which s 
fth to a distance of two or three miles, and these t 
etirthquakes continue more or less for several days, and do 
cense until an eruption takes place of an enormous jet of d 
earth, and stones, which are thrown into the air the h«ght i 
two or three hundred feet. Tlie explosions are repeated twoil 
three times in the space of twenty-four hours. There are j 
*fccn no eruption takes jjlace. The following is an accotmta 
Cine of these eruptions as ^ven by an eye-witness, A dull noi 
was heard ; the earth in the nei^bourhood was much agttatei 
fmd large rents opened. There arose from (he centre of the 
^lain, a bubble of diluted clay, sixty feet in diameter, which gra- 
daally increased in tnagnitude, and attained the enormaus de- 
Tation of two hundred and thirty feet. This extraordinaf 
and strikit^ spectacle conunued for half an hour ; 
three times, with an interval between each of a quarter < 
hour ; and, during its continuance, a stormy noise, like that 
of the sea a^tated by a tempest, was heard to proceed from 
below. The author of this account seized the first moment U 
Approach the point from whence the explo»on proceeded; ) 
plunged his arm into a place where the ebullition was still v 
nhlc, but did not feel any increase of temperature ; on the o 
trary, the mud felt cold. 

There are many small mud-volcanoes in the neighbourhood fl 
Modena, whose height is not more than a few feet. They a 
named Sahis, on account of the saltness of the water they ti 
out ; and whith, indeed, is also the case with the water of Ma« 
loiiba, and of that of most other muddy eruptions observed bi A 
ferent countries. These volcanoes, during their paroxysn 
which are attended with slight agitations of the earth, throw a 
much mud, which extends to the distance of three thot 
feet The go" »' " h occasions the eruptions, is sulpfauretb 
hydrogtn n -^troleiim, and a Kttle carbonic i 

Similar air- described by Pallas as occurring^ 

the Crim in the Island of Taman, In the 

yeai' 1794^ o it with a noise like that of thunder. 



rmous dg- 
raordinarfj^H 
srepeatti^H 
rter of aSH 



. T^eff^eHU of Hot Waier^ Avr-VdlcanoeSi cmd Cdd-Sprhigs. dl5 

^mA ftiin6 ttid smoke rushed from it to tiie height of more than 
thihee hundred feet Great masi^es of dried mud were projected 
from it to great distances, and it vomited forth currents oPabi- 
tumikoua mud or sUmCy to the amount of one hundred thousand 
oubic iathoms. Humboldt describes air-volcanoes which he 
saw in tlie middle of an elevated plain, iti the province of Car- 
thagena in South America. There were twenty small cones, 
having an elevation of from twenty-one to twenty-seven feet in 
height, and formed of bluish coloured clay. Their summits 
were hollow or crater-like, filled with water, from the surface of 
which air arose, and burst with an explosion, and often threw 
out mud. In the Island of Trinidad *, and also in Java, there 
are considerable air or mud volcanoes. 

6. Rocks formed from Cold-Sprvngs. 

Many cold or common perennial springs throw out gredt 
quantities cf earthy m&tter, principally calcareous, and thus 
give rise to extensive depositions of calcareous tuffa and sinter; 
Independent of the thick incrustation formed on the surfaces 
of cn^gs arid cUffs, and rents <if rocks, by the water df such 
apritigi^, and of which we have a fine example at Starlyburn in 
J'ifeshire, we find that when the water flows into hollows and 
forms lakes, that then very thick and extensive calc^dreous for- 
mations take place. Thus in Thuringia there are very exten- 
»ve lake-^epodtes of calcareous tuffa and sinter. In some dis- 
tricts in that part of Germany, the tuffa rests upon gravel, or on 
some of the solid strata of the cduntty, and forms beds some- 
times fifty feet thick, and which are composed of alternate 
etriita of compact and friable tuffa, with occasional thin beds of 
bituminous matter. It is in this calcareous formation, that the 
remains of fossil elephants, rhinoceri, &c. are found in diffe- 
rent parts of Grermany. It is an important fact, as connected 
with these fossil animal remains, that the tuffa in which they 
are envelloped, contains fresh- water shells, analogous to those hH 
present met with in the country where the tuft* occurs, but no 
sea-shells, which proves that these elephants, rhinoceri, &c. 
could not have been brought from a distance, but must have 
lived and died in the spot where they are at present found. 

* An account of the mud volcanoes in Trinidad, hy Dr Ferguson^ will be 
fbund In the Edin. Trana, Vol. IX., p. 93., now in iVve ^vca^. 
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Some of the newer seeondjiry rocks may have beeii forn 
Scorn the water of cold-springs alone, collected into hollows, a 
thus fumiir^ lakes; or from hot-springs in the same circttq| 
EtaocM ; or from botli conjoined. The newer secondary, i 
properly tertiary, formations of limestone, marl, opal, qui 
&c. may have been tbrnied in this way. 
General Results. 
From the preceding rapid sketch it appears, 

1 . That the water of springs and of volcanoes fortns rocks m 
♦arious descriptions, some of whicli nearly resemble those of tj 
Tolcanic class, while others have a strong resemblance to the fi 
nialions of the secondary class. 

2. That a^ these springs and volcanoes afe very geflaf 
distributed over the earth, it follows that the rocks above d 
aciibed, may occur in very considerable abundance, and 1 
striking and extensive features in tlie physiognomy of i 
tracts of country. 

3. That many of these rocks, from their close resemblance^ 
volcanic productions, may have been confounded with thetn. 

4. That tile following rocks and simple minerals have t 
knd are still forming by the agency of springs, and tlie water A 
Tolcanoes : |^ 

1; Rocks resembling Trap cmd Volcanic Socks. — Basalt, 
Wackc, Amygdaloid, Tuffa, Porphyrj', Greenstone, Ob- 
sidian, and various clays and Iwles. 

S. Rocks Tcsembliiig Fketz or Scamdartj Rocks. — Trav« 
no, Calcareous-tuifa, Calcareous-sinter, and Marl. 

8. Simple Minerals. — Pearl-sinter, and probably al«> Pw 
cious Opal, Common Opal, and Jaspers of various c 
scriptions. 
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your way. In consequence of tlus, I liave been tempted to 
offer you the following small table, intended to tacilitate the me- 
thod of correcting the observed altitude of tlie sun-s lower limb 
by the fore observation at sea. It contains the ji>int efiect of 
the sun's semi-diameter, dip of tKe hoiizon, refraction, and pa- 
ndlax, and is always to be adiled to the observed altitude, to 
find tlie true. In the computation of the table, the sun's semi, 
difuneter is taken at 16'; and its vaiiation from this quan- 
tity, for each month in the year, is given at the bottom of 
the table, which must be added to, or subtracted from, the 
correction found in the table, which may be done at sight, 
according as the sign is -\- or — . It may be remarked, too, 
that the table does not extend to altitudes lower than 5", 
the lowest altjtude at which observations can be taken to be 
depended on for their accuracy. This renders all the num- 
bers addUive, except the small table of corrections for the varia- 
tion of the sun's semi-diameter, whicli may, in moat cases, un- 
less a dip-sector is used, be neglected ; since, according to the 
accurate observations with tliis instrument by the ingenious 
Captain Basil Hall, much greater errors, arising from the va- 
riable state of the horizontal refraction, when this instrument Is 
iwt used, are unavoidable. 

SXAMFI.E. 

The observed altitude of the sud's lower limb by the fore ob. 
servation, is 48° 46', and height of the eye 20 feet, in the month 
of November ; required the true altitude of tlie sun's centre ? 

1. By this Table. 2, By tJie usual Tables. 

Sun's obs. alt. lower limb, 48° 46' - - 48° 46' 

Correction to 49", SO feet, Soni-diMneter, -f- 16 13 

and November, -f- II Dip, - — 4 26 

— r Refraction, — 50 

True alt. 4S 57 Parallax, + G 



Tme alt. as before, 48 57 2 

Hence tiie simplicity of our method is evident, while it ob. 

viously possesses all the requisite accuracy, since it ne^'er can 

deviate more than one or two tenths of a minute from the truth, 

find is therefore fully sufficient for all purposes at sea. 

EniSBVBOR, Feb. 1820. 
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Art. XlX.—Iiisidts of Ciiptaut Kateu'm Ej-pomenU Jbr 
dvtervtining the Levgih g/' the Pemluluvt, at t/ic principal 
Stations of ike TrigDitoJiwtrtcol Survey. 

\jfUR readers are no doubt well acqiuunted with the beautifiJ 
method of measuring the length of the pendulum which was 
invented by Captain Henry Kater, and which he so success 
fully employed in detennining the length of the seconds' pen- 
dulum in the latitude of London. The sujxriority of tliis me- 
thod, and the consistency of the results which it yielded, point- 
ed out Captain Kater as tJie fittest person to extend the experi- 
ments to different points of the meridian ; and in pursuance of 
the resolution of the House of Cornmons of the 15th March 1816, 
the Royal Society of London requested this active astronomer 
to ascertain the length of the seccaids' pendulum at Unst, Port- 
soy, Leith Fort, Clifton, Arbury Hill, and Shanklin Fana, the 
principal stations <rf the Trigonometrical Survey. Arduous as 
this' undertaking was, Capt^n Kater did not hesitate to quit his 
family and his scientific pursuits, and devote himself, with hia 
usual ardour, to an enquiry in which the scientific character of 
his country was so mucli concerned. The wise liberality of the 
British Government furnished him widi all the requisite instru- 
ments, and every facility which such an imdertaking required ; 
and he left Loudon on the 24th June 1818, accompanied with 
Lieutenant Franks, wiih the view of beginning liis operations at 
Unst in Orkney, the most northerly station of the survey. He 
arrived at Leith on the 28th June, and reached Unst on the 
9th July, in the Nimrod, commanded by Captain Dalling. Af- 
ter finishing his observations in the Orkneys, he arrived at Port- 
soy on tile lat August ; at Edinburgh on tlie 28th of August ; 
at CUfton on tlie 28th September ; at Arbuiy Hill on the 15th 
October ; and at Shanklin Farm, in the Isle of Wight, about 
the 10th of May 1819, where he completed the series of lubo- 
rioua operations w-hich he had imdertakcn. The following are 
tile results of these operations, as given by Captain Kater him- 
self in the Philosophical Transactions for 1819, Part III. 



i 



S90 Capt. Eater^s ExperhnenU for Deiernwning ike YarioHon 

Residts of ike Operations. 

^ ^^ It now remains to give in one view, the results of the opera- 
tions that have been detailed. These are comprised in the fol- 
lowing table. It would have been desirable to have expressed 
rthe length of the pendulum vibrating seconds, m parts of the 
scale which forms the basis of the Trigonometrical Survey of 
Great Britain, the Commissioners of Weights and Measures 
having agreed to recommend that the ^^ standard used in the 
Trigonometrical Surv^^j of Great Britain should be considered as 
offordii^ the most authentic determination of the linear measure 
of the United Kingdom.'*' But as experiments are yet wanting 
to enable me to do this with sufficient accuracy, I have given 
the length of the pendulum in parts of Sir George Shuckburgh^s 
^standard scale, the correction for the difference between which, 
and the national standard of linear measure, may be readily ap- 
plied hereafler. 

. The length of the pendulum vibrating seconds in the latitude 
of London, is stated in the PhU. Tram, for 1818, to be 39,18860 
inches. But I have here to notice a very important omission, 
which I am obliged to Mr Troughton for ha^dng pointed out in 
the first number of the Edinburgh Philosophical Journal. It 
may be seen, that in computing the specific gravity of the pen- 
dulum, I have neglected to include the deal ends. Anxious to 
supply this omission in the most unexceptionable manner, I 
thought it best to take the specific gravity of the whole pendu- 
lum, and for this purpose requested Mr Barton, Comptroller of 
his Majesty^s Mint, to allow me the use of the fine balance 
lately constructed under his directions, a request with which he 
most obligingly complied, and favoured me with his assistance, 
and with every requisite for making the experiment. 

A deal trough was prepared, seven feet long, nine inches 
wide, and the same depth. The pendulum was slung horizon- 
taUy from the scale pan, by a finie iron wire. The weight of 
the whole was carefully determined in air, and found to be 
66904 grain? oiigli which had been previously placed 

beneath the s then filled with distilled water, 

and the weig aced was found to be 9066 grains. 

The small p re which was immersed in the wa- 
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ler was carefully noted ; the weight of the wire by which the 
pendulum was suspended, was 56 grtuns, and the weight of water 
equal in bulk to that part of the wire which was itnnicised was 
2,5 grains. The temperatuure of the water was 68°, and that 
of the atmosphere 6Si" ; the barometer 29,9 inches. Hence we 
have the weight of the pendulum 66858,8 grains in vacuo, at 
the temperature of 69" ; the wcij^it of an equal bulk of water 
at the same temperature, 9068,4 grains ; and the resulting Spe- 
cific gra\'ity of the pendulum, 7,3727. 

Employing this specific gravity in computing the allowance 
for the mean buoyancy of the atmosphere, we obtain ,00624 for 
this correction instead of ,00S45j the former erroneous conclu- 
aon. Besides this, the allowance + ,00031 for the height of 
the pendulum above the level of the sea, should, according to 
Dr Young's investigation, have been multiplied by ■^^%, making 
-J- ,00021 of an inch. These corrections being applied, we 
have 39,13929 inches of Sir G. Shuckburgh's standard scale, 
for the length of die pendulum vibrating seconds in the latitude 
of London. 

Wishing to compare with this, the result which would have 
been obtained by means of the weights and specie gravities of 
the different parts of the pendulum, I carefully measured the 
deal ends, and found tliem to contain 3,956 cubic inches. The 
weight of the knife edges was 370 gr^ns, and their specific gra- 
vity 7,84. 

With these data, and taking the specific gravity of deal at 
0,49 ; the specific gravity of the whole pendulum will be found 
to vary from the more accurate determination above ^ven, a 
quanUty which would have occasioned a diflerence in the length 
of the seconds pendulum of only jnono of an inch. 
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Length, of the Pendulum 


PUce of Obsoni- 


Latiluds. 




vibrating seconds in 






day. 








ShuclLburgh's scale. 








Inches. 


Unrt, - - 


ea 45.88,0] 


8fifl96,90 


39,17146 


Portwy, - - 


i7.40.5H,G5 


86086,05 


39,16159 


Leith Fort, - 


S5.S8.40,B0 


86079,40 


39,15554 


Clifton, - - 


53.8t.43,ia 


86068,90 


39,14000 


krburyHiU, - 


52.13.55,33 


86065,05 


39,14850 


London, . . 


51.31. 8,40 


R60ei,5g 


39,13989 


ShanUin Fiinn, 


50.37.83,94 


86058,07 


39,13014 



By compviiig the obBervatiopi of each tudoD mcoe^Td; 
mlh tbow at kU the oth»H Captain K*t« obtained the re»ilu 
m the following TaWe, oontaifflng tb* diminution of gwvity, 
and the remltiug wmprLssitm deduced, in « waj wl«oh ia fiJlj 
ezj^ained in Uie paptr itself.— See PhU. Tt^om. 1819., p. 4«0. 



Nunc* of the BtWien*. 


vilti>omthe Pole 
to ihe Equawr. 




Unrt and Poiwoy, - - - 


,0053639 


1 
304,3 


l,ei<l>F<«. - - 


,0054840 


315:8 


Clifton, - . - 


,0056340 


1 
331,5 


Arbun-Bin, - - 


,0054181 


1 
310,3 


Legion, . - - 


,0O55S]O 


I 
3M,7 


DmuwiK, 


,0055*62 


3ioJ 


Portnoy and Leilh Fort, 


,00M9S0 


336,0 


ciifwo, - 


,0058194 


i^a 


Artmrj Hill, - - 


,0054000 


313,7 


'•"'*- ■ ■ 


,005638! 


1 


DmnaM, 


,0055980 


386;9 


Ldth Fort and Clifton, 


,005!H)33 


sei^o 


AriwryHBl, 


,0053615 


I 

30M 


London, 


,0036186 


339.8 


Dunnaae, 


,0055614 


KS^f 


CliflDn and Aibury Hill, 


,0O4?9Se 


) 
119,6 


London, 


,0058590 


t 


Duno^c, - - 


.003861 « 


isv: 


Arburj Hi n. 


.0069767 


5a7";« 




,0000111 


I 

M03 


LiMdtttt 


,0051857 


i9ffi 
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From the experiments givea in the former part of tlii* Re- 
port, it appears probable, that if t!ie uDc«rtainty which must 
exist in the allowance for the height above tlie level of the sea 
Ue ejjcqited, the error in the number of vibrations of the pen- 
dulum, at any parlicultu' ttlation, does not amount to so much as 
one-tenlb of a vibration, which is nearly e()uivalent to ^r.D^se 
part of the length ol' the seconds pendulum. To this degree qf 
accuracy consequently may gravitation be determioed by the 
a^iaratus I have employed ; and in passing through a countiy 
composed of materials of various densities, the pendulum may 
be expected to indicate such vanadon with v«ry con^demble 
precision. 

The diminution of gravity frtan the Pole to the Equator '» 
derived from the decrca:^ which is observed to take place be- 
tween tmy two given latitudes ; consetjuently, if no irregular at- 
tfacUon occurred, the results, computed from diiferent portions of 
tile meridian, should be the same. But it may be seen in the 
p'eeedtiig table, that the number expressing the diminution of 
gravity, from the obacrvationa at Unsl and Portsoy, is less than 
that deduced frum the ai-c between Unst and Leith, and that 
this nuiHber goes on increasing to Clifton, diminielies at Arbmy 
Hilt, and increases a^ain at London, It may also be remarked, 
that the diminution of gravity, derived from Unst and Duo- 
noBe, is leKi than that deduced from Portsoy and Dunnoae; 
from all which it seems probable, that in advandng south- 
ward, gravity decreases more than it ought to do from theory j 
that there exists an assemblage of materials of greater density 
than common in the vicinity of Portsoy, and that the density of 
the strata to the southward becomes less and less until we arrive 
at Clifton, where it seems to be considerably in defect. 

At Arbury Hill, a sudden increase of gravitation is percepti- 
ble, and at tlie short distance of London, this additional force is 
no longer sensible. From its intemsity, and the limited sphere of 
its action, it might perhaps be inferred that the disturbing nuu 
teriid is uf considerable density, and not very distant from th« 
surface. 

It must be evident, that nothing very decisive respecting the 
genera] elUptJcity of the Meridian can be deduced from the pre- 
^-nt experiiiiculs. Por this purpose, it la requi^ that tbe ex- 
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Capt. Kaler's Experwicnti for Detenmning ^ t 
#eme stations should comprise an arc of sufficient length to n 
■Jer the effect of irregular attraction insensible ; and this effeq 
j4night he diminished, if not wholly prevented, hy selecting a) 
(ions of HQiilar geolt^cat character, and which should diiFera 
4itde as possible in elevation abme the level of the sea. 
, If, howevo", some deduction be mndc for the superior den 
^ which it has been remarked exists at Portsoy, the c 

j^j deduced from that station and Unst, niay perhaps 1 
considered as not far distant fmni the truth, both being situal 
on rot-ks of a similar nature ; Unst consisting chiefly of serf 
line, and Portsoy of serpentine, slate, and granite ; and as j 
the ellipticity g^ven by the experiments at Unst and Arbtil 
Hill, is nearly the some as that resulting from Unst and Pa 
aoy, it would be no improbable conjecture that the sudden ii 
4a«ase of gravitation observed at Arbury Hill, may be occaaoi 
ed by a rock of primitive fomiation, approaching the sur&ce ^ 
the earth in the ■vicinity of that station *, 

These facts appear sutlident to explain thi> anomalies whi 
have been remarked in ihc Trigonometrical Survey of GrB 
Britain. For if the disturbing force in the neighbourhood 4 
Arbury Hill, were supposed to be situated to the north of t 
station, the plumb line would be attracted nortliward, the 6 
served latitude would be less than tlie true, and the length \ 
the degree deduced from die arc between Dunnose and Arbm 
would be in excess, and that derived from the arc between Clif 
ton and Arbury in defect. This last error will be augmentec! 
if we suppose tlie attraction of the matter near Arbury Hill l| 
be feh at Clifton, and tli^ plumb line at that station to be draiq 
towards tite SQUtli. 

M. Biot, by a comparison of his numerous experiments \ 



Unat with those made at Formentara and Dunkirk, : 



I conjiu 



tlon with M. Arago, obtains ^\^ for the resulting compres^ofl 
But if the allowance for the elevation of Formentara above t] 
level of tlie sea, be corrected in [he manner suggested by I 
Voung, the ellipticitv should be about ^\^. The detuls $ 



* Since Ihe ob 
abJy lopparted by 
appear* that Mol 
rocks of piimitiv: i 



Iin4 the cDiij«!;liiTe I have hutardcd n 
ing Smith's Geological Map of England, ^ 
f granilc, is situated, tc^lbcr with ellj|| 
niles ia the nartb of Arbur; HUl. 
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M. Biol's experimeQts have not yet been published ; but il af- 
furda me much gratification to learn, tliat tlie acceleration of the 
pendulum between London and Unst, tomputed by M. Biot, 
irom his observations at Unst and those at Fomientara, usin^ 
jIn for die compression, differs only 0',6 from the result of 
my experiments ; a difference which may jffobabty be referred 
to the superior density of Unst, compared with that of tJie sub- 
strata of London." 



Akt. XX.— On tlie DUcovery if Potash in Sea Water. In a 
Letter from Dr Wollabton to Dr MaUcet *. 

W HEN Dr Marcet was b^inning the chemical part of hU 
researches respecting the specific gravity and temperature of sea 
waters, Dr Wollaaton suggested to him the probabihty that 
traces of [xnash might be found in them- In order to examine 
this poin!, Dr Marcet supplied him with various specimens of 
sea water ; and m the following note, Dr Woilaston communi- 
cated to him the results of his exaniinaUoti. 

*' The expectation which I expressed to you, that potash 
would be found in sea-water, as an ingredient brought down by 
rivers from the decay of land plants, is now fully confirmed by 
experiments on waters obtained from situations so remote from, 
each other, as to establish its universality. 

" There is no difficulty in proving the presence of this ingro- 
dient by muriate of platina. For though the triple muriate erf" 
platina and potash is so soluble that this reagent^causes no pre- 
cipitate fmm sea-water in ils ordinary state, yei when the water 
has been reduced by evaporation to about ^th part, so that the 
common salt is beginning to separate by crystalhzation, the mu- 
riate of platina then causes a copious precipitate. 

" If this precipitate be mixed with a httle sugar and heated, 
the plallna is reduced, and muriate of potash may be separated 
from it by water, and the nature of its base shoivn by its yield- 
ing crj'Stals of nitrate of potash ivith nitric acid. 

■ From Dr Maicet's pBpet " On the Specific Gravitj- and Temperaiura of Sm- 
Witea," in the PUL Trant. 1S19, p. JOO. 
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'* I ev^wtated a pint of ilic water which you sent «ne (maii 
ed No. 9- Bpeafic f^ravicy 10S6.:2S), taken up by Cnptiiin ] 
* in Baffin's Bay, from the deptii oi' 80 fathoiris, tatitude 36° 8 
llmgitude Tfj' ^fy west. Wlien thU bad been redittvd to abc 
^th part, I drained the liqmv from the Halt that had fori] 
ed, which I also washed with a little water, and, by addiq 
muriate of platina to the drained liquors, I had a yellow p 
pitate which weighed 12.4 grains. 

' As llie fluid poured from this precipitate measured fthofa 
I fluid ounce, I estimate that this would retain in solution e 
I tkree grains of the triple muriate ; and hence tlic whole amoi 
I must be taken at 15.4, which, by ibrmer experiments, I coo^di 
I equivalent to about 6.4 sulphate of potash, or 3.. 
Now, since the jrint of water weighed about 7520 graiiM, -9 
gives the proportion of potasli, about , j ,, o i 1'"^ (lie quantity! 
mere potash is less Uian j J ^ oth jwrt of sea-water, at its averaj 
I denaty." 

Dr WoUaston has also detected traces of potash ii 
of the Lake of Ourmia or Animea, which is unwimiected mtS 
the ocean, Tlie water of this lake (which is satuated in tlie pro- 
vince of Azerbijan in Perma) is said to he salter than tliatof 
I the Bea, BO that no fiah can live in it. Dr Wollaaton is of o 
mon, that the potash exists in sea-water in the state of sulplial^ 
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Beaa Sia, 

XXaving lately spent some time in the remarkable volca 
cUstricte in the South of France, and knowing the interest i 

every thing respecting the geognosy 



have always ' 

^^^^fe ny friend and 
^^^B tisitcd and eiaml 



fore our readers the inleresting lelWr of 

During his Te>^iclcnce in Scotland, he 

nets of countr]', uid studied paclieularly 
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of Ihat country, I now send you a few notes of my observa- 
tions, expecting at fiome future period to extend and illustrate 
them more fiiUy and accurately tlian I can spare leisure for at 
presenL In mating you acquainted with some of the geo- 
gnosticol phenomena I met with, probably a sufficiently intelli- 
gible mode will be to institute a comparison between the rocks 
of the districts in question, and those that occur in Scotland, 
particularly in the vicinity of Edinliurgh. 

1. Between Edinburgh and Glasgow, near Calder, there is a 
quarry of a black compact basalt, which contains grains of oli- 
vine and crystals of augitc. This rock cannot be distinguished 
from the basalt of Montaudoux, near Clermont, in Auvergne *. 
This small hill is considered by Monttosier, Raymond, Lacoste, 
fcc. as part of a very ancient stream of lava, (coul&,) and is 
intimately connected with other ma.sfies of andent volcamc for- 
matioD. 

9. At Apchon there is an alternation of basalts, tuffas, and 
^thomarges : These various substances and their arrangements 
are much the same as what occur at the Giant's Causeway in 
Ireland, and yet here, according to geologists, the -whole series 
is of volcanic formation. 

3. The porphyry-slate on the Tiortli-west borders of the Mont 
d'Or, which is of a volcanic nature, bears a striking resemblance 
to that of the Island of Lamlash, in the Frith of Clyde. The 
came is the case with the poqAyry-slate of the Mezen, and of 
otlier parts; andit is worthy ctfremark, that these rocks in France 
pass into trachyte or volcanic porphyry, and sometimes contain 
fragments of undoubted scoriae The rock of the Dalmahoy 
Hills near Edinburgh, has the same baas as the volcanic por- 
phyry rocks of Mont d'Or, and like them contains acicular 
and large crystals of felspar and crystals of augite. The por- 
phyry-slate of North Berwick Law, and of Trapr^n Law, re- 
sembles the porphyries of Mezen and Mont d'Or, but the re- 

our Irap-rockt. Another of my pupils Dr Daubeny, also dfaliiigidahed for hi* 
■cdvit]' and Intel ligEnce, and who ha; euinined much of Scotland, haa faitelr 
spent nmie lime In Auvergno, and wUl, I trust, soon favour iia with an accoonl of 
bla obflorvBlions. Dr OgiJby, one of mf early pujrilB, now in France, will bIeo visit 
Auvergne. R. J. 

* Buch's Geognoitische Beobachtungen, Ac- T. t. p. 333. 
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ambiance is not so great as in the rock of Lamlash. The 
porphyries of tlic Girleton Hills, near Haddington, bear only a 
slight resemblance to those of the Mont d^Or, while the va- 
rieties found in the Pentland range, are of a different nature. 

4. The greater part of the rocks of Arthur Seat have the same 
arrangement, and are of the same species as those in the volcanic 
districts of Auvergne and the Vivarais. The form of the hill, its 
rising suddenly in the midst of a comparatively flat country, 
its terraced aspect, its various lava-like rocks, and other drcum- 
stances, would seem to shew that it has been a submarine vol- 
cano. But the rocks of Salisbury Craig are of a diflbrent na- 
ture. I did not meet with any greenstone rock like that of the 
Craig, in tlie volcanic country of France, nor any lava, which 
contained such quartz-crystals, and iron-stone veins, as occur 
in this greenstone. The same is the case with the green- 
stone rock on which Stirling Castle is built The only place 
where I saw a rock, which, on a general view, had some 
resemblance to your greenstones, was at Roffiat near to St 
Flous, where it occurred in the middle of a stream of .basaltic 
Java, It seemed to be a distinct compound of felspar and au- 
gite, but was without crystals of olivine. . 

S^ I examined very carefully the different basaltic veins 
(whin-dikes,) that occur in the districts over which I travelled. 
Near Murat in the Cantal, I found a pretty broad basaltic 
vein running from top to bottom of a hill, composed of a vol- 
canic tuffa, including much parous lava, and capped with 
beautiful basalt pillars. The veins contain elongated cavities, 
some of which are entirely filled with calcareous spar and arrago- 
nite ? while others were only lined with small wax-yellow crys- 
tals, of a substance called Mellilite. At St Jaques, at the foot 
of that porphyritic mass tlie Plomb du Cantal, I found a por- 
phyritic vein, running through a white-coloured volcanic tuf- 
fa. The vein was porphyritic basalt. It was partly amyg- 
daloidal, and many of the amygdaloidal cavities were lined 
witli calcareous spar, others with a matter like green earth. 
It appear ■ ain small grains of iron-pyrites and of augite. 

But I c my rock precisely similar in my collec- 

tion of i s notwithstanding many o£ your basal- 

tic veins is the case with this one, in small ho- 
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rizontal toliitnns. Near to tlie top of the part wliicli unites 
the Col de Cabra witli the Puy Marie, I had the pleasure of 
observing three fine basaltic veins, traversing a pretty poroua 
trachyte or volcanic porphyry. The porphyry is of a red. 
colour, and contained numerous small crystals of glassy felspar. 
The middle vein is about one foot and a half broad, and is 
composed of a very black, compact, dull, heavy basalt, inclos- 
ing grains of olivine, and perhaps also of augite. The vein to 
the west of this is one foot wide, and tlie third to the east three 
feet ; and between this last and the middle one, there is still ano- 
ther, about half a foot wide. Not far from these veins there 
are vertical sections of streams of basaltic-lava, which rest up- 
on immense inclined beds of vanous kinds of volcanic tufia, 
iu which there ore occasionally found mosses of basalt, bearing a 
great hkeness to that which forms the veins. But one of the 
moBt interesting of these veins I examined, was obsen-ed at 
ViUeneuve Le Berg, traversing limestone. The tiasalt has 
nearly the same chai-acters as that of St Jacques ; it conttuns 
maiy crystals of aug^te, and is sometimes amygdaloidal, and the 
cavities are filled with calcareous spar, or lined with iron-pyri- 
tes. The limestone, wlicrc in contact with it, is rendered more 
compact ; and the same is the case with the numerous pieces of 
limestone contained in the vein, particularly towards its crop or 
outgoing. But in no instance is the limestone crystallised or 
(Ranged into marble ; all I c<Mild observe was a simple harden- 
ing of a rather earthy looking limestone. I esamined the con- 
tact-limestone, with the view of ascertaining if in any case it 
would not effervesce with adds, but I found all the varieties, 
even the most compact, effervesced with acids. In favour of 
what theory is this fact? I dare not adopt tlie filling up from 
above, it is attended with so many difficulties ; but the volcanic 
hypothesis of injection into a. rent is somewhat countenanced by 
the great accumulation of fragmonis towards the crop of the 
vein J its mode of termination near the surface, and several 
other circumstances. 

6. On visiting Auvergne, I expected to obt^n some SBtislac- 
tory ideas in regard to your Scottish pitchstones, particular- 
ly those of the Island of Arran, but have returned with only a 
.single fact, viz. that veins which are partly of basalt, partly of 
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pitchstone, as in the Valley des Gardes ia the Cantal, along with 
two other basalt veins, traverse trachyte or volcanic porphyry. 
(Vid. La Cosle's Ldtres sur lea Vokam (TMivergne, p. 256.) 
Not having the specimens I collected ul this moment beade me, 
I cannot affirm tliat the rocks are identical with the remarkable 
pitchstone veins which you discovered on the eastern extrenuty 
of the Isle of Lamla^h, although I am convinced that they are 
nearly of the sonic nature. All the other minerals in the Can- 
tal group which Uave been referred to the pitchstone species, 
api^eor to nic to be varieties of semi-opal. Some of them are 
fuimd in irregiriar beds hi the calcareous fresh-water formation, 
and these appear to pass into Menillte, while others occur in 
large masses in volcanic tuffa. These latter appear to be singu- 
lar siliceous volcanic productions, that bear some relation to the 
volcanic rocks of Hungary. At St Pierre Eynat, in the Mezen 
group, semi-opal occurs in concretions, in what appeared to me, 
during my cursory visit, to be a fresh-water formation. Ia 
the Mont d"Or group is a resinous-like mineral, which has 
been considered as a variety of pitchstone, and it is so arran- 
ged in the Royal Museum of France, under the name Jtetitiilt 
poryhyritiqitt et subretinile. I am quite satisfied of the resan- 
blance of these to your pitchstone-porphyrj-, but they »re by 
no means identical with it We must, I think, look for illus- 
trations in Germany and other countries ; for tlie single fact just 
mentioned, although ad hoc, is not sufficient to decide the que- 
stion about the pitchstone. 

t. The nest rock I shall mendon is the Trachyte, or volca- 
nic porphyry. Under this name are comprehended niany diSe- 
rent porphyritic rocks, having the general character of contain- 
ing crystals of glassy felspar. It is almost impos^ble to ^ve 
a definition of such a l-ock ; and how could it be otherwise with 
a volcanic production, which is formed from all the diiferent 
members of the granite fwrmation? The porphyry rock of 
Drumadoon Point in Arran hears some resemblance to tra- 
chyte : in Bc^e parts of the Croix Klorand, in the Mont d'Or 
group, I ' xcimens which recalled to my mind the green 

and mori ts of the trap-porphyry of Hue V«r^ 

Point, ali 3ut still the structure and position of 

^'Arrai i a general view, are so different, that 
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we cannot identify them with the true trachytes. But this i« 
a. point which must be determined by you. 

I have only further to remark, in regard to the trachyte, that 
some of the varieties found io masses in volcanic tuSa, brought 
to my recollection certain porphyries of the Braid Hills near 
Edinburgh, This, however, may possibly prove but an acci- 
dental rcssmhlancc ; and this is the more likely as the Braid 
3ills, Blackford Hill and Pentland Hills, which you point out 
as members of the same series, differ in many things from true 
trachyte districts. 

8. I did not observe any where in the volcanic districts of 
Auvergne and the Vivarais, rocks like the greenstone forming 
die great vein in the coal-field to the N. E. of the Calton Hill, 
nor any which corresponded with the following, viz. the green- 
stone of Corstorphine Hill and of Cramond ; the greenstones 
of Burntisland in Fifesliire ; the greenstone of the Pentlands ; 
the clinkstone-porphyries of Dunbar ; the Invergourie rocks 
near Dundee; the trap-rocks of Renfrewshire, Yet still our 
knowledge of volcanic-rocks is so imperfect, that we cannot 
maintdn that all these, and others of the same description, are 
of Neptunian origin. 

9. Nowhere in the volcanic districts, already so oflea men- 
tioned, did I find any amygdaloidal rocks resembling those of 
the Pentlands, Montrose, and other parts of Scotland. The 
only rock which made an approach to these, was tliat of the 
Puy Giroud near Clermont, 

In conformity with the preceding, and indeed with other ob- 
servations to be communicated to you, I would propose arratii 
^ng your trap-rocks in the following manner, according to their 
probable origin. 

* Evidently Volcanic. 

1. Calder basalt, and the one resembling it which I found 
near Edinburgh. 

9. The Gianfs Causeway. 

*" Probably Volcanic. 

1. Staffa. 2. Some parts of the Island of Mull, 3. Arthur 
Seat, in part. 4. Dalmahoy Hills. 5. Lamlash Isle, 6. The 
trap-veins in Arran, and in the neighbouring districts in Ireland 
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and Scotland. 7. The Dumbarton and Frisky Hall rocks, and 
some Renfrewshire rocks. 8. Craig Lockhart. This remarks 
mble rock has much the appeurancu of a volcanic tuiTo, formed 
in some measure by means of volcanic water. • 1 

••• Doubt/ill Rocks. TJ 

1. Castle Rock of Edinburgh and the Calton Hill. S. S&lM 
Hng Castle rock. 3. Salisbury Craig. 4- Blackford HmM 
B. North Rerwick Law, Traprain Law, and Girleton HiOs. 
6. The rock of Rue Varey Point in Arran. 7- Some trap-rocks 
of Linlithgow. 8. The pitchstones of Arran. 9, and lastly. 
The amygdaloid^ and claysLones. 
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A HE nature and ori^i of Amber have aiibrded to 
lists a fertile subject of controversy ; and, after all that hi 
written on the subject, it is difficult to say whether it is the 
vailing opinion that amber is a mineral body, an indurated 
getable juice, or a mineral oil inspissated by chemical causes, as 
by the slow operation of time. 

The general resemblance of amber to JfeUite, which is a re- 
gularly crystallised body, and its occurrence at considerable 
depths in the eardi, have induced most mineralogists to give it 
fL place in then- system next to this mineral : while its resem- 
blance to indurated gums ; its want of all appearance of crystal- 
line structure ; its occurrence in a stalactitical form, in strata 
of half decomposed trees ; and the circumstance of its contain- 
ing insects and vegetable remains, have given no incon^deraU^ 
degree of probability to the opposite opinion. 

In my early experiments on Uepolarisadon, I found that 
her possessed the particular organisation which gives bands rf 
complement " ' urs by polansed light ", and that it some- 
times had i structure, as to exhibit distinct neutral 

■ Set PiU , and 1615, p, ST. 
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and depolarising axes. I had frequently occasion to recur to 
the examination of this substance when aiiy interesting aped- 
men presented itself ; and having now examined almost every 
variety wljich is likely to occur, I tTust that the results which I 
have ohtained, will be considered as throwing some light on the 
ori|^ and formation of this interesting body. 

1. In several specimens of .^mier, the polarising structure ex- 
isted in such a manner as to display itself in irregularly parallel 
zones of colour, which sufl^cred no change by altering the exter- 
nal shape of the mass. Tliese different zones had dieir axes ly- 
ing in different directions, so that some of tliem were dark when 
othei^ gave the tints of the first order, and vice versa. Hence 
it is obvious, that tlie axes of these zones must have been inclin- 
ed 45" to each otiier ; that this structure must have been ac- 
quired during the gradual induration of the amber, and must 
liAV-e had its character modified according to the nature of the 
juice which was successively deposited round the nucleus. The 
limits, or lines of junction, of these zones appeared even in com- 
mon light, and could not have been produced eillicr by heat or 
pressure. Some of these specimens of amber displayed various- 
ly inflected veins of different degrees of transparency like the 
agate, and in many cases the tints rose to the green and red of 
the second order. The streaks which gave the highest tints, 
were in general yellower dian the rest of the mass. 

2. In some specimens of amber of a rectangular shape, I ob- 
served the same polarising structure wliich exists in plates of 
glass gradually heated or rapidly cooled, namely, a negative 
between two positive structures. This structure must have 
been acquired during the gradual induration of the amber at all 
its surfaces. 

3. A cylindrical piece of amber, which was cut out of a bea^, 
gave the black cross and the coloured tints exactly like a cylindri- 
cal piece of glass that had been heated to redness and rapidly 
cooled, as represented in the Ed'm. Trans, vol. viii. Plate VII. 
Fig. 10. Tiie thickness of this piece was about /jdis of an 
inch, and its hi^est tint was the yellow of the first order. 

4. In a piece of amber of the same thickness as the preceding, 
the polarising structure had suffered a change by driUing a hole 
through its centre ; and in numerous specimens, I found that 
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the polarising structure could be altered by changing theif 
forms, though not to the same degree as in plates of crystallised 
glass. In some specimens, a negative structure is developed 
round the perforation, as in tubes of glass •. 

5. Along the axis of a fine stalactite of amber containing in- 
sects, I discovered that remarkable structure which occurs in 
quartz, and produces the phenomena of circular poIaiisBtion, 
the tinta descending in the scale as the analysing prism was 
turned from right to left. This stalactite was IJ bches long, 
and about 1 inch in diameter, and did not polarise the usual 
tints beyond the yellow of the first order. 

6. Some specimens of amber did not possess the polarisiiig 
Structure in the slightest degree, and in this respect resembled 
Gum Copal, Gum Galbamim, Gum Juniper, and Gum MasRc. 
All specimens of this kind must have been indurated very slow- 
ly, and in such an uniform manner that the induration went m 
with equid rapidity in die interior as at the exterior surfaced' 
the mass. 

7. Every specimen of amber is capable of having its J 
ing structure altered, or a new polarising structure conunuj 
cated to it, by heat, or by m^lianical compression or dilatatit 

8. In pieces of amber filled with globules of air, a polariaS 
structure indicated by four minute sectors of polarised light it 
developed round the globules, by the pressure arising fran 
flie expansive force of the included air. 

These results, obtained frran a veiy extensive examination of 
specimens, appear to establish beyond a doubt, that Amber is a 
indurated vegetable juice, and that the traces of a regular stn 
ture, indicated by its action upon polarised light, are not fl 
effect of the ordinary laws of crystallisation by which MeUite II 
been formed, but are produced by tlie same causes which il 
ence the mechanical condition of Gum Arabic, and other g 
which are known to he formed by the successive depo^tion a 
induration of verretable fluids. 
Eoin: 18. 1820. 
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Abt. XXIII. Account of the remarkable Depression of the 
Thermometer, und Rise of the Barometer j in Jantuiry 1820, 

JL HE meteorological facts which presented themselves in the 
month of January 1820, are so singular in themselves, and have 
been so unprecedented in this climate, that we have thought it 
advisable to record some of the best authenticated observa- 
tions. 

1. Observaiions made at Perth. — On the night between Mon- 
day 17th and Tuesday 18th January, (the coldest night perhaps 
ever remembered in this country), the thermometer stood at Perth, 
in a northern exposure, so low as — 10* on Fahrenheit's scale, 
b^ng not less than 42° below the freezing point. During the whole 
of Tuesday, the instrument remained under zero, except for a 
ghort interval about noon, when it rose to P. The effects of 
this great reduction of temperature were such as usually accom- 
pany the most intense cold. The evaporation from the surfa^ce 
of the ice on the Tay, being condensed in the air almost immer 
diately after its formation, produced over the river a partial fog, 
vluch, being gently wafted to the neighbouring trees, attached 
itself by degrees to the branches, and gave birth to innumerable 
and diversified exfoliations of the most singular beauty. The 
bridge being elevated above the vapour, a remarkable appear- 
ance WAS observed, during sunshine, by a spectator who raised 
his head a little above the parapet, so as to throw his shadow on 
the fog below : a ^gantic figure was seen projected on the 
moving vapour, (such as has been frequently noticed imder. si- 
milar circumstances, in Alpine countries,) surrounded by a 
beautiful halo, and throwing off, in every direction, radiations 
which exhibited distinctly all the prismatic colours. The effect 
was most striking when the sun was a few degrees a,bove the 
horizon, and was bardy perceptible after mid-day. So great 
was the intensity of the cold, that the windows of apartments 
where a constant fire was kept, were covered with a thick coat- 
ing of ice, which obscured the light of day ; and liquors of va^ 
rious kinds were completely frozen, in situations where it might 
have been supposed they were beyond the reach of frost. The 
£udden increase of temperature which took place from Tuesday 



986 On the remarkable Depresiion of the Thermomder 

to Wednesday, is scarcely less remarkable than the unusual 
o(dd which it succeeded, the mercury having risen in the course 
of 24 hours, nearly 40^, and indicated a tranation fully as great 
as if we had passed, in that short interval, from the prdinuy 
cold of winter to the extreme heat of summer. 

We have thus witnessed, within the short space of ten days^ 
two remarkable meteorological phenomena: the greatest atmos- 
pherical pressure, and the most depressed temperature that have 
probably ever, been observed, or at least that have ever beca 
recorded, in this part of the island. The conditions of the at- 
mosphere which led to this unusual state of things, hai^e, it may 
be concluded, produced a mutual re-action on each other ; the 
comparatively great cold which preceded the high state of the 
barometer, by condensing the aerial columns over this country, 
would cause a current of air to flow from all the oont^wms 
re^ons to supply the deficiency in the equilibrium, and nbe 
accordingly the barometer ; and, on the other hand, the suhae^ 
quent diminution in the pressure, amounting in a few dagrs 
nearly to 2 inches, by allowing the air to expuid itsdf, appears 
to have caused a powerful absorption of caloric, in consequence 
of the sudden dilatation, and ^us added greatly to the inteiK 
sity of the cold. 

The cold seems to have been fully more intense in this nei^ 
bourhood than in any other part of the kingdom. Indeed it 
does not appear, by the meteorological records in the Phil, 
Trans, for 150 years back, that it has ever been much exceeded 
in any part of Europe, excepting Bussia and Sweden. In the 
severe winters of 1683, 1709, 1715, 1740, and 1768, the the:, 
mometer never descended below — 9!" ; nor do we find a well au-r 
thenticated instance of its being lower in Britain during any 
other year, than it stood here on the night of Monday the 17th 
instant, unless in 1780 *, when it was observed by Dr Wilson, at 
Glasgow, 14° below zero, or 4° low^r than it was seen at thi3 
place. 

Perhaps no circumstance is better fitted to illustrate the ex^ 
treme severi"^ '^ ' ^ late frost, than the fact of water freezing 
in our apai ^4 to 36 hours after the thaw began, 

and when was nearly 10* above the freezing 

* This rei ed on Friday the 14th January^ at 6 ^ ^. 

See PhiL Tram 
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pcnnt. This curious fact, which it would have been difficult to 
expl^ in ordinary cases, was evidently owing to the walls re- 
taining a temperature below the freezing point, for a consider- 
able time after the air had reached the temperature of 40°, and 
radiating the cold with wliich they were impressed to tlie con. 
tjguous bodies. 

Had the cold been of longer duration, or less interrupted by oc- 
ca^onal remisMons in its severity, its phywological effects would 
have been more remarkable. During the sliort time it continued, 
several instances occurred in the vicinity of Perth, of persona 
perishing by its intensity ; domestic animals were found frozen to 
death, in attitudes which proved tLe sudden cessation of their 
vital functions ; and, in some cases, the trunks of the largest 
trees were reft from top to bottom, by the congelation of thar 
jmces, in the same manner as if they had been shivered by 
Ggbtning. The damage, in fact, that has been done to standi 
ing timber, particularly to oaksj elms, and ashes, is probably 
greater than can be easily ascertained, as many of these trees, 
which were a good deal split, have again closed so completely 
since the commencement of the thaw, that the fissures cannot 
now be discovered without a very minute inspection. The 
eSect, however, will be more apparent afterwards, by the longi- 
tudinal ridges which will appear in the bark. 

We have already seen, that a very sudden and extenavo 
change of temperature, amounting to 40", occurred from Tues. 
day to Wednesday the 19th : On the morning of Saturday the 
22d, we experienced another instance of tlie same kind, and still 
Uiore illustrative of the extreme variableness of our chmat^ 
the thermometer having risen from one degree below zero to 
30°, in the course of three hours. This change in natural tem- 
perature, which took place here between 8 and 11 o'clock in the 
fc»%noon of that day, is so remarkable, that it deser^■es to be 
recorded among the peculiarities of this uncommon season, 
About 3 o'clock in the afternoon the thaw commenced. 

a. Observixtiona made at Kirifiiuns near Pertki — The fol- 
lowing interesting observations upon the state of the BarometeF 
and Thermometer were made at Kinfauns by the Reverend 
Robert Gordon, who, when he observed the barometer above 
the usual height, and still rising, registered it at intervals dunog 
^Jje whole day. 
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Barometer. 

Temper* 

7th Januaiy 1820, 10 morning, 38.0 

I 10 evening, S8.4 

tth, ■ ■ 10 morning, 87.5 

12 noon, 38.7 

2 afternoon, 38.5 

4 ' 38.5 

6 38.0 

7 .38.0 
9 38.0 

10 39.0 

11 38.5 

9th> ■ — • 9 morning, 36.0 

10 36.0 

10 evening, 36.0 



Pressure. 

30.198 
30.510 
3a680 

30.697 
30.710 
30.730 
30.745 
30.765 

30.787 
30.800 
3a810 
30.845 
S0.SS5 
S0.665 



The highest observed was at 9 in the morning of the 9th ; 
but it is probable it had been higher during an earlier part of 
that day. 

The lowest temperature during the night between the 8th 
and 9th, was 18^^ In several dftys after, the thermometer 
did not sink below S>T> On the night between the 16th and 
17th, it simk to 13^% and during Uie next night, or rather on 
the morning of the 18th, it was at zero, which was the lowest 
at Kinfauns. 

The following is the state of the Thermometer observed 
by Mr Gordon on the 18th January 1820 : 

Lowest pre- 
vious to 8f morning, 0*.0 
at 8| morning, 2.5 
9 3.0 

9i 7.0 

10 6.0 
lOi 5.0 

11 9.0 

11^ 8.0 

12 10.0 

1 afternoon, 11.0 



at 2 afternoon. 


10^5 


3 


10.0 


4 


8.0 


5 


9.0 


6 


7.5 


7 


9-0 


9 


8.0 


10 


10.5 


midnight, 


13.0 



On the morning of 
the 19th at 10, 27.5 



The baroi 
at 10 mor 
this place i 
must hk 



^^ring the 18th sunk gradually from 29-425 
^45 at 10 evening. The elevation of 
at the barometer at the level of the 
IS 31.045, on the 9th. 
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S. Observations made at StrathaUan in Perthshire and other 
places.-^^At Strathallan, situated about two miles to the west of 
Auchterarder in Perthshire, the Thermometer stood at 13** be- 
low zero during the night of the 17th. At 9 oVlocl^ in the mor- 
ning it stood at — 10^, and it never rose more than 1° above zero 
the whole day. 

At Colquhalzie in Perthshire, the Thermometer was observed 
at 1 0° below zero, at 9 o'clock on the 18th. At Crieff it stood 
at 1^ below zero ; and on the south of the Ochill Hills it w^s 
also at IQP below zero. 

4. Observations made at LeitL — The following observa* 
tions were made at Hermitage Hill, near Leith, by Andrew 
Waddell, Esq. F. R. S. E. The Barometer was 60 feet above 
the level of the sea. 

1820. 

January 7. 

8. 

9. 

10. 

11 

13. 

13. 

14. 

15. 

16. 

17. 

18. 

19. 
20. 

The following was the sta 
also by Mr Waddell: 

1820. 
January 16. 

17. 
18. 

19. 
20. 

' The cold was marked by a spirit thermometer, which was as 

Jow> at 9 A M. on the 17th, as it had been during the night. 

, The mercurial thermometer at this time stood at S% and when 



A.M. 


10 P. 31. 


Inches. 


Inches. 


30.310 


30.680 


30-780 


30.925 


30.999 


30.770 


30.670 


30.850 


30.056 


30.080 


30.260 


30.260 


80.140 


80.320 


30.300 


29.800 


29.850 


29.750 


29j676 


29.620 


29.540 


29.520 


29.600 


29.130 


28.890 


29.190 


29.270 


29.480 


of the Thermometer, as 


Highest in 


Lowest in 


the Day. 


the night. 


30° 


13° 


20 


4 


15 


13 


28 


18 


30 


26 
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another mercurial thermometer was laid on the snow, it fell 
below zero. 



AiiT. XXIV.— 0« Sleam, and the Sediment of Watsr found 
in the Bvilers of Steam Enginrs. By Robert Bald, Esq. 
F. H. S. E. Communicated by the Author. 

XN colVcries where the common steam-engine is applied for 
draiving water froni the mines, it frequently happens, that after 
s continuance of wet weather, the water accumulates so much, 
as to require the en^ne to be wrought night and day. If tlte 
boiler is supplied witli water from the mines, it coutxuns in tlus 
case a great quantity of earthy matter brouglit imme<KateI»i 
from the surface, which renders the water within the boiler 
muddy ; and there being little time for cleaning the boiler, oiK 
ing to tlie accumulated water in the mines, six or eight ' 
sometimes elapse before this con be done. Towards the end a 
this period the water in the boiler is mixed with sediment f 
such a degree, that the ordinary supply of steam cannot b 
rused, although the lire is increased in the furnace ; the < 
Cjuence of which is, that the common working speed of the e 
gme is greatly reduced. In this case it has been the constant 
practice of the engine-keepers in Scotland to apply a very limple 
remedy for increasing the quantity of steam. 

The substance employed is known by the name of Comingi, 
hang the radicles of barley produced in the process of malting, 
which are separated before the malt is sent to market About 
a bushel of these is thrown into the boiler ; and when the stea 
is ag^D r^sed an immediate effect is visible ; for then 
rally a plentiful supply of steam to produce the full v 
speed of tlie engine, but an excess of it going waste at the s; 
ty Talve. This Angular effect will continue for several daya 
Such is the fact,— but the principles by which this vegelaU 
matter acts, are not very obvious, as it is doubtful whether ^ 
acts chemica < rbanicall}'. If its action is mechamca 

chaff or saw. uce the same effect. 

In the dii 'Dt spirits upon a great scale, it i> 

found neccss i^tirg t!ie fermented liquor or WEtsb 
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into low wines, to throw a quantity of soap into the still every 
time it is charged or filled, which has the effect of causing the 
steam lo rise more quickly, and more disengaged from the residu- 
ary matter of the process. In this instance tlie soap acts chemi- 
cally, hy uniting with the water and residuary matter. We do 
Dot, however, see any analogy between this process and the 
effect produced in tlie en^ne-boiler before mentioned. 

The sediment in boilers produced after n-et weather, Is chief- 
ly composed of clay, and does comparatively little injury to tlie 
boiler ; but in general the common mine water which percolates 
very slowly through the strata, produces a sediment of sulphate 
of lime, which adheres bo closely to the bottom of the boiler 
that it cannot be removed, but by picking it off with a sharp 
nxm instrument ; and this sediment, when removed, has fre- 
quently a thin scale of the iron-plate of tlie boiler adhering to 
it. In this way the boiler is not only injured, but if the sedi- 
ment accumulates at any part of the bottom, the plates are lia- 
ble to become red hot at that place, which greatly injures than. 

To lessen these injurious effects, it is the practice to throw 
into tlie boiler a quantity ol' pcat^arth, in its natural plastic 
state, which is found to have a condderable effect in preventing 
die sediment from adiiering so closely to the boiler plates. 
Alloa, February 8. 1820. 



AaT. XXV. — On Hie AhtorpHon of Polarised Light by DouUy 
JtefracttJig Cryntuls *. By David Bkewstee, LL, D. 
F.R. S. Lond. juid Edin. 

X HERE are no phenomena in optics which are less under- 
stood than those which relate to tlie Absorption of light, or that 
property of transparent bodies by which they detain and ass- 
niilate to their own substance a portion of the light whicli pe- 
netrates them. It became, therefore, a matter of great import- 
ance to discover in regular crystals some analogous phencane- 
na, where the absorptive power acted in relation lo certain fixed 
lines in their crystaUine fonn, as it was only by such a disco- 

* Abridged fnnn Ibe PkiUtapikai Tmuaetiau fur 1619, page IJ. 
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very that philosophers could expect to invesligate the general 
subject with any hopes of success. A series of pbenuniena of 
this kind presented themselves to the author of this paper when 
he was studying the polaiising structure of super-acetate of 
copper, ami having been thus led to examine other artilicial 
crystals and minerals, he found that the phenomena were much 
more general and important than he had at first supposed. 

If we take a prism of Beryl of a hluisJt-green colour, and expose 
it to hght polarised, either by transmission through Icelaiid-spar*, 
or by reflection from glass at an angle of S7", we shall find that 
it traosmits only a beautiful blue light when its axis is perpen- 
dicular to the plane uf polarisation, and only a greeniah-whits 
light when the axis coiiiddes with that plane, the transmitted 
light passing from the former to die latter tint, white the cry- 
stal is moving from the first into the second position. Hence it 
is obvious that the green light is absorbed in one position, and 
the blue light in the other position. Now, tliis absorption varies 
with the angle which the polarised ray forma with the axis of 
the prism, being a maximum when that angle is 90°, and va- 
nishing altogether when the ray passes along the axis. 

If we now cut the crystal of beryl into a prism, so as to se- 
parate the two images which it fonns by double refraction, we 
shall find that these two images have difiercnt colours, the one 
image having the same colour that would have been produced 
by exposing it in one position to polarised light, and the other 
image having the colour that would be obtained by turning it 
round 90". Here, then, we have two singular properties of 
this class of crystals, which always appear to accompany one 
another, viz. the property which the extraordinary refracting force 
possesses of selecting certain rays out of the compound beam 
of common incident light, and tlie property of absorbing these 
rays in one position, and the supplementary raya in another p 
sitJoD, when the incident light has been previously polarised. 

The property whidi has now been described as bdon^gl 
Beryl, I have found in other twelve crystals with One c 
The colour of •**" - linary and extraordinary images, or of tl 
absorbed pen in the following table. 



r 



bi/ Doubly Refracllng CrystaU. 
List of Absorbing Crystals ■mill One Axis. 



Names of CrytUils- 

Sapphire 
Ruby 

Emerald 
Emerald 
Beryl blue' 
Beryl green 
Beryl yell, green 
Rock cryatiil, almost 

transparent 
Rock crystal yell. 
Amediysl 
Amethyst 
Amethyst 
Tourmaline 
RubeUite 
Idocrase 
Mellite 
Phosp. of lime (lilac) 

Phosphate of lead 
Calcareous spar 

The property which tliese crystals possess of absorbing the 
different tints in different positions of t!ie axis, with regard to 
the plane of primitive polarization, does not belong to every 
specimen. There are many crystals of ruby, sappliire, eme- 
rald, &c. which give an ordinary and an extraordinary image 
of the same colour ; and whenever this is the case, they are des- 
titute of the property of absorbing polarised light. These two 
classes of phenomena are indeed invariably connected, and will 
ultimately be found to have the same origin. 

Some of the preceding crystals, such as the Sapphire and the 
Idocrase, exhibit different colours when common light is trans- 
mitted in directions parallel and perpendicular to their axis 
of double refraction. A specimen of sapphire had a deep 



palarlaadon. 
Brownish white 
Yellowish green 
Pale yellow 
Yellowish green 
Bluish green 
Bluisli white 
Whitish 
Pale yellow 

Whitish 

Yellowish white 
Blue 

Greyish white 
Reddish yellow 
Greenish white 
Reddish white 
Yellow 
YeUow 
Bluish 
Bluish green 
Bright green 
Orange yellow 



A deeper Brown 
Blue 

Bright pink 
Bluish green 
Yellowish green 
Blue 

Bluish green 
Pale green 

Faint brown 

Yellow 

Pink 

Ruby red 

Ruby red 

Bluish green '' 

Faint red 

Bluish white 
Reddish 

Yellowish green 
Orange yellow 
YeUowish white 



which eihibit II 



I 



I 



properties of precioui 

Uwm for Ibe purpose* of jewellery. 



itala of Ber^l in the possession of Mr Sander* 
a of abioi'ptian in a nuibt beautiful manner. 
e tint wh«n the oiia ia in the plane of polorisa- 
1 rectaiigulac direction. A kuonledge of these 
necesaar;, to discover llie proper mode of cutting 
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due colour in one direction, and a ydhwishrgreen in tibe oppo- 
site direction ; and several spedmens of idocrcae had an orange- 
ydJow tint along their axis, and a tfeUowish-green tint in a di- 
rection perpendicular to thdr axis. The exhibition of two co- 
lours in the same mineral by common light, was first seen in 
lolite, and the Abb^ Haiiy had the boldness to give it the name 
of Dtchroite from this property, osa the presumption that, nature 
had limited it to this mineral. 

In crystals with two axes the preceding phenomena receive 
some curious modifications, for a particular account of which we 
must refer to the paper itself. The two colours which i^ipear 
in the ordinary and extraordinary pencils are now seen diver- 
ging rectangularly from the resultant axes of the crystal ; imd 
this effect, when seen in dicluxnte, constitutes one of the finest 
appearances in optics. The two streams of blue light which is- 
sue from its poles of no-polarisation, are finely contrasted with 
the bluish-white beams which diverge fitxn the same polea*. 

The following table contains the tints in several crystals, in 
which the effect will be seen in every azimuth. 

List of absorbing Crystals with Two axes. 



Topaz blue 
— green 
" ■■ greyish blae 

■■■ pinic 

pink yellow 



— yellow 



Plane of the resultant 
axes in the plane of 
prim, pcdarisatioii. 

White 

White 

Reddish grey 

Pink 

Fink 

Yellowish white 



Sulphate of barytes 
yellowish 



Plane of the resultant axes 
perpendicular to tfa^ {dane 
of prim, polariaatiqpu 

Blue 

Green 

Blue 

White 

Yellow 

Orange 



purple 



yellow 
orange 



yellow 
IS^anite 
Dichroite 
dyroophane 
Epidote olive green 
- >■ whitish 

illica 



Lemon yellow 
Lemon yellow . 

Gamboge yellow 
White 
Blue 

Yellowish white 
Brown 
^ink white 
' lish brown 



Purple 
Yellowish white 

Yellowish wiiite 
Blue 

Yellowish white 
Yellowish 
Sap green 
Yellowish white 
Reddish white 



• For an accoui 
€f the remarkable 
is referred to the i 



utting the Dickrmte -to see this eSlKt, and 
etate of copper^ augite^-mitaf &e. the raadsr 
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The fidlowing table shows the characters of the tints in cry- 
stals with two axes, which have not been examined in every azir 
muth. 



Mica 

Acetate of copper 

Muriate of copper * 

Olivine 

Sphtoe 

N itrate of copper 

Cluromate of lead 

Staurotide 

Amite 

AnSydritt 

Axinite 

Diallage 

Sulphur 

Sulphate of strontites 

— j-^; — cobalt 

Olivine 



Aiis of prism in the 
plane of primitive po- 
larisation. 

Blood red 
Blue 

Greenish white 
Bluish green 
Yellow 
Bluish white 
Orange 

Brownish red 
Blood red 
Bright pink 
Reddish white 
Brownish white 
Yellow 
Blue 
Pink 
Brown 



Axis of prism perpendicu- 
lar to the pliine of pri- 
mitive polarisation. 

Pale greenish yellow 

Greenish yellow 

Blue 

Greenish yellow 

Bluish 

Blue 

Blood red 

Yellowish white 
Bright green 
Pale yeSow 
Yellowish white 
White 

Deeper yellow 
Bluish white 
Brick red 
Brownish white 



In the last eight crystals of the preceding table, the tints are 
not given in relation to any fixed line. 

The following table contains the characters of the two pen- 
cils in crystals, the number of whose axes I have not yet deter- 
mined. 



Phosphate of iron 


Fine bluet 


Bluish white 


Actinolite 


Green 


Greenish white 


Precious opal 


Yellow 


Lighter yellow 


Serpentine 
Asbestos 


Dark green 
Greenish 


Lighter green 
Ydlowish 


Blue carb. of copper 


Violet blue 


Greenish blue 


Octohedrite (one axis) 


Whitish brown 


\ ellowlsh brown 



Several of the preceding crystals which have a laminated 
structure, such as mica, epidote^ &c. or such as have an imper- 
fect transparency from a defective aggregation of thdr elemen- 
tary crystals, frequently exhibit th^ absorptive qualities, and 
also their system of coloured rings, by exposure to commim 
light. The light is, in these cases, analysed in passing oblique 



* The tints are given in relation to the short diagonal of its rhomboidal base.. 
-|> When the axis of the prism w{is in the plane of primitive polarisation. 
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\y Uirough the iamina), in the same niaimer as if it had t 
traasmitted throu^i a bundle of glass plates*. 

Influence of heal in viadifying the abxorbenl poKtr ofcrystah. 

" Having sokcted several cryslaJs of BroiMiaji topaz, which 
diaplaj'etl no change of colour by exposure to polarised 1>^U 
I found, that after bringing them to a. red heat, ur even L 
ing tliem in olive oil or in mercury, they experienced Bucba 
change in their structure, as to exliibit distinctly the power a 
absorbing polari^ lig')'- ^ '^^^^ took a topaa, which 1 
one of its two jjeociU yellow, and the other pink. By expi 
sing it to a red hc-ut, the heat acted more powerfully i^on tJ 
extraordinary than upon the ordinary pencil, discharging t 
yellow colour entirely from the one, and producing but a si 
change upon the pink colour of the other. 

In the formation of pink topazes by heat, it has alw^s b 
supposed, that the yellow colour is actually changed into [MnlCi 
but this is quite a mistake, for the pink colour must preriouat 
exist in a slate of combination with the yellow, and must Mthi 
fortn the colour, or exist in the colour of one of the pencils p 
duced by double refractbn. The heat does no more tham d 
ebai^ one colour, and leave the other almost unimpt 
This result is of considerable practicai importance to the jewct 
ler, as it enables him to determine beforehand, whether or not 
any topaz will receive a pink colour from heal ; for if this c*- 
bur exista in one of its images, which will in general be s 
expo^ng it to a polarised ray, he may predict with certainty t] 
success (^his experiment. 

When a topaz possessing a. pink tint has been taken fro 
the fire, it is at first perfecdy colourless, and acquires the pinfl 
colour gradually in the act of cooling, liy exposing it Fep< 
ediy to the actioa of a very intense heat, I have never been a 
•ither to remove or to modify this permanent tint. 

With the liew of ascertaining if the absorbing s 
oould be induced by heat, I exposed to a white heat s 
crystals of yello 'careous spar. After the action of I 



■ The Qxiduted 

incr analogous U 

■n MeUlIic Poliriaai 



ler melali, absorb poluiitcd lisbt i 
Ltel)' detailed ia a subsequent tnenuiir 
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fire had been continued for some time, a sort of opalescence, or 
milky opacity, was induced ; and the light, which went to tlie 
formation of tlie ordinary iniagf, was much redder tlian thai 
which formed the extraordinary Jay. Tliis effeet I naturally 
ascribed to some change in the state of the carbonic acid ; 
and u|)on continuing the action of tlie heat, and watching the 
process of decompo^tion, I found that when the carbonic acid 
was expelled from a film nl>out the 200th part of an inch ihick, 
its surface was covered witli vesicles arranged in straight lines 
parallel to the short diagonal of the rhomboid. These vesicles 
had, in general, an elliptical fonii, with a cut or opening in tlie 
direction of their transverse axis through wliicli tlie gas had 
esc^)ed. After the spar waa taken from the fire, a great num- 
ber of the ve^cles burst with a noi.se similar to that which ac- 
companies the bursting of die indusium of tlie fern, and carried 
off a portion of the thin calcareous pellicle. When this [jcllicle 
was removed, thq subjacent surface was covered with a series of 
minute parallel grooves inclined about SO^ 5T to tlie short 
diagonal. In repeating this experiment, and seizing the pro- 
per time for withdrawing the spar from the fire, I never failed 
to observe the fact of the arrangement and bursting of tlie ve- 
Biclea ; and I have no hesitation in concluding, that the carlxinic 
add is arranged in planes passing through the axis of the cry- 
stal, a result which I had formerly assumed in explaining the 
phenomena of double refraction. This method of studying the 
structure of bodies by watching tliciii in the process of diante- 
gration, may be found to have a very extensive application in 
chemical and niineriJog^cal inquiries. 

The observations contained in tlie preceding pages, indicate 
in a manner by no means equivocal, tliat the colouring particles 
of crystals, instead of being indiscriminately dispersed tliroiigh- 
out their mass, have an arrangement related to the ordinary and 
extraordinary forces which they exert upon light*. In some spc. 
cimens the extraordinary medium is tinged with the same co- 
louring particles, and with the same number of them as the or- 
dioary medium ; bul in other (Specimens of the same mineral, 

* Several nen facta reliilivc la tbe urungeinutit of the calmuiag matter in 
eij-stalu, ivill be found in the Edia. Traat. vol. ix. p. 1 13., now in Iht pivss. 
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the extraordinary medium is «ther tinged with a different nuio- 
ber of particles of the same colour, or with a colouiing matter 
entirely different from that of the ordinary medium. In certui 
specimens of topaz, the colouiing matter of the one medium is 
mure easily discharged than that of the other ; and in two spe- 
cimens of emerald^ the ctilouring matter which tinges the ordi- 
naiy medium in the one, tinges the extraordinary medium in the 
other, and vice versa. 

All those crystals in which the colouring matter of the one 
medium differs from the other, dther in character or inten^ty, 
possess the property of absorbing the two tints according to the 
laws already mentioned, but tliere is also reason to tielieve, that 
polarised light suffers the same kind of absorption in those crys- 
tals whose two images have the same tint, and even in thos* 
which are perfectly colourless •." ^H 



Akt. ^yiW.— Account of the Manufacture of Mosaic cU Ronu, 
and Hittory of t/ie Antique Marbles, Alabasters, S[c. at Romt. 
By W. A. Cadell, F. R. S. L. Si E., M. W. S. f 

X HE art of forming mosaic pictures of tesselaled, that is to 
say, quadrangular pieces of enamel, was practised by the an- 
cient Romans. It was in high repute during the middle ages, 
and still continues to excite tlie admiration of the curious. The 
principal school of the art at the present day, is at Rome, The 
pictures in St Peter's are of mosaic of the modem school, copied 
from the works of Raphael, Dominichino, and otlier celebrated 
masters. In Mr Cadeirs work, we find accounts of mosaic 
pictures of the diffident periods, which cannot fwl to prove in- 
teresting to those who admire this species of imitation. But 

" The procedinf; eiperioients were made (n Januiuy 1817, atti aijtned by Qm 
President of the Phjacal CIbh of the Roynl Society of Edinburgh on Uie 2*th Ja- 
nuary 1817- A notice of them was rend on the gist April 181T; and the pap« 
of which we have given an abslracl, was read at the Koyal Society of Edinburgh 
on the SOth AprQ 1BI8, and al the ILnyat Society of London on the lith Novem- 
ber 181S. The ex' lienuelves were fteqaently sheu-n in the yesn IttlT 
and leia (0 seven leis. 

f Eilraned, t (be nuthor's learaeil and inleresting b 

Traveli in Carnioti le ptem. 
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fot diese details we must refer to the work itself, confining our- 
sdves to the extracts which explain the Manvfadory of Mosaic. 
The manufactory of Mosaic pictures belonging to the Pope 
is in a large building to the south of St Peter^s. 

jBfiameb.-— The building in which the establishment is si- 
tuated is large, and contains a collection of enamels drawn into 
the form of sticks. These are arranged, according to their co- 
lours, m an extensive suite of rooms. The number of shades of 
ookmr is 17,000. 

The enamel, eonsisting of glass mixed with metallic colour- 
ing matter, is heated for eight days in a glass-house, each colour 
in a separate pot. The melted enamel is taken out with an 
iroo qioon, and poured on a polished marble placed horizontal- 
ly; and another flat marble slab is laid upcHi the surface of the 
mdted oiamel, so that the enamel cools into the form of a round 
cake, of the thickness of y'^ths of an English inch. 

In wder to divide the cake into smaller peces, the cake is 
placed on a sharp steel anvil, called Tagliulo, which has the edge 
uppermost, and a stroke of an edged hammer is given on the 
upper surfiioe of the cake ; the cake is thus divided into long pa- 
ndUc^Hpeds, or prisms, whose ba^e \& I'^ths of an inch square ; 
and these parallelopipeds are again divided across their length 
by the ta^ulo and hammer into jneces of the length of /^tfas 
of an inch, to be used in the mosaic pictures. Sometimes the 
akes are made thicker, and the pieces laiger. 

For flmaDer pictures, the enamel, irfiilst fused, is drawn into 
long ponllelopipeds, or quadrangular sticks ; and these are di- 
vided across by the tagliulo and hammer, ex* by a file ; some- 
times also these [neoes are divided by a saw without teeth, oon- 
liidi^ of a copper blade and emery ; and the pieces are some- 
tines pofidied on a horizontal nbed of lead with emery. 

Gilded mosaic is finmed by applying the gold leaf on the hot 
ssfineof afarown enamel, immediatdy after the enamel is taken 
fian die fvmaoe ; the whole is put into the ftimaoe again for a 
dnt time, and when it is taken out the gold is firmly fixed on 
Ae soi&oe. In the gilded enamel used in moasic at Borne, 
theie is a thin coat of transparent gjaas over the gold. 

Jbiaetd EnameL^^The ancient Romans, besides the enamel 
fir mosaic, made other works in enamel. VTmVVemsnxk hmsv- 
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tians ancient tiles of a kind of glass or enamel, for paving the 
floors of .room^ ; and be describes a sKilall picture compoaed of 
fllaments of enamel of different colours, agglutinated together 
by fusion, and each transverse section of this gave a picture 
like that at the extremity. The antique pastes, or artificial 
gems, are also products of art allied to enamel. 

The C^ien^.— Anciently, the paste in which the jneoes of 
mosaic are imbedded, called in Italy Stucco, was composed of 
one measure of quicklime quenched in water, and three mea- 
sures of pounded marble ; these were made into a mass with 
water and white of egg, and this was called Marmoratum ; but 
tliis paste hardens too rapidly, so that it is hard before the 
workman has time to insert the pieces, and it is injured by 
damp more readily than the cement made with oil. 

The paste now used is composed of one measure of quenched 
quicklime, and three Pleasures of powdered Travertine stone ; 
these are mixed with linseed oil, and are stirred and worked up 
every day with a trowel. The mass is at first level on the surface, 
but afterwards swells up. Each day some oil is added, to prevent 
the mass from becoming dry and untractable. The mass is ready 
a shorter time in warm weather than in cold ; in summer the 
mass is at its perfection in twenty days ; this is known irom 
its ceasing to swell, the water that was in the lime having eva- 
porated ; the mass is then uniform throughout, like an oint- 
ment. In winter, and when the air is mcHst, it requires a month 
to bring the paste to perfection. 

The wall to which the mosaic is to be appHed, must liave the 
lime taken oiF its surface ; then furrows an inch deep are form- 
ed on the ^vall, to fix the cement. 

For the same purpose large-headed nails are driven in, and 
TV ire is stretched from one nail to another. Afler this, the wall 
thus prepared, is painted over with linseed oil. Then the ce- 
ment is laid on to the extent of a surface of as many palms as 
can be executed before the cement dries. The plasricity and 
softness r ' lent lasts about twenty days ; after that the 

oil exud me and Travertine become a hard mass. 

The cec linseed oil is yellow ; that made with 

white of d the white cement is considered to be 

a charac hing the did mosaic from the modem; 

hut £omi s ^\^o TC\ad& with white cement. 
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jtcemtnt of Antique Marbits, AlabaMers, Graniies, 4*c at Home. 

The many large columns of ibreign niarble and granite at 
Rome arc amongst the remarkable remuns of ancient mogiu- 
(icence, and vestiges of the seat of the most powerful empre 
that ever existed in Europe. Kavenno, which was tlie residence 
of Valentinian and Theodoric, also possesses some. At Venice 
there are some columns from the Levant. In the cathedral rf 
Pisa there arc columns of granite, and in some other places of 
Italy there are antique columns of foreign marble. But it is at 
Rome that by far the greatest quantity of marble crfumns arc 
seen ; many of them arc employed in Ibrniing the colonnades of 
the naves of the churches, and, in timt situ^on, present a beaii- 
iliful view, which is iiot to be seen tn any other city, Tho 
church of St Paul on tlie Via Ostiensis is the most magnificent 
in respect to the number and magnitude of the marble columns 
which separate the five porticos or naves. 

The number, magnitude, and variety of the andent columns 
and marbles is admirable at this day, after they have been ex- 
posed to the action of time for 1800 years, and the Roman 
authors speak of the sumptuous magni^cence of these objects 
when recently brought from the quarries. 

The word Marble was applied anciently to stones susceptible 
of polish, and distinguished by the beauty of then- colours. The 
word is now usually confined to denote stones composed of car- 
bonate of lime, of an agreeable colour, and taking a good polish. 

There are no i-ocks of marble in t!ie country near Rome. 
The Romans, therefore, in the time of their power, had recourse 
to the marble quarries of Cfurara and of foreign countries, exiA 
chiefly to those in the ea-stem part of the Mediterranean, in or- 
der to adorn their buildings. Pliny mentions, that the first 
marble columns were brought to Home SO years before the first 
consulship of Augustus, and tlie importation continued for 
about 200 years, as long as the city was in a flourishing state 

Columns frovi Mount Hyjnettna. — It was only 50 years be- 
fore the first consulship of Augustus that the first marble co- 
lumns were brought to Rome by Crassus the orator, and he 
first employed marble columns in a private building. Tiiesc 
columns were from Mount Hymettus, near Athens. He was 
rcproachetl by the public opinion ibr this unusual magnificence. 
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Pentelican Marble. — Many ol' the ancient statues at Rome, 
according to the judgment of Visconti and other antiquaries, 
are of the white marble from Mount Penteles, near AtheOB. 
It is called, at Rome, Cipolla, or Statuary CipoUino, by 
of the greenish veins that occur in it. Of the statues formed of 
this marble are the Torso of the Belvedere and the Muses of 
the Vatican. The Parthenon and other ancient buildings at 
Athens ore of Pcntelic-an marble. 

Parian Marble. — Other antique Greek and Roman stati 
are of the marble of the island of Faros, as the 
Ariadne, called the Cleopatra of the Belvedere ; the Mercury, 
called the Antinous of the Belvedere ; the Diana and Stag of 
the Louvre. The Venus de' Medici is of Parian marble, of a 
smaller grain than the ordinary Parian ; the Venus of the Ca- 
jrilol is of very beautiful and translucid Parian. 

Carrara Marble. — Others are of marble from Carrara, an- 
dently called Marble of Luni, as the statue of Antinous (rf 
Ca|Htol. 

The marble of Hyraettus and the Pentelican are mentii 
cd by Strabo and Pausanias. 

The marble of which the Apollo of the Belvedere is formed 
is conadered, by the marble-cutters at Rome, to be a Greek 
marble, though different from the Greek marble of which mi 
other ancient statues arc formed. 

Pliny wrote 166 years after the first importation of marble, 
remarks the rapid progress that'had taken place in that period, 
from a ^mple and unadorned way of life to magnificence and 
extravagant expense. In the reign of Diocletian, 240 years af- 
ter the be^nning of the importation of foreign marble into 
Rome, that importation had diminished considerably, for it ap- 
pears that columns, taken from more andent buildings, were 
employed In constructing the Baths of Diocletian. But the 
largest of the two obelisks of tlie Circus Maximus was brought 
to Rome 30 years afler Diocletian. Its removal from Egypt 
was begun by Constantinc, and it was brought to Rome by the 
son o( Constan'' "')r removing this, the largest wrought 

stone that has ' in Europe, there existed sudident 

mechanical skil ulthoiigh tlie arts 

design had dec tcrably. 
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ScauruB, tltc stepson uf Sylla, imported such a quimtity of 
niagniiicent columns into Rome, and employed them so profuse- 
ly in buildings, that they were not exteeded by the extravagant 
fabrics which Nero afterwards erected. 

Marble ofCarystus in Enba-a. — Soon after the time of Scau- 
rus, Mamurra adorned his man^on with marble from Lum 
near Carrara, and from Carystus, now called Karesto, in Ne- 
gropont. He was the first who encrusted walls with thin slabs 
of marble. The quarries of the Carystian columns are men* 
tioned by Slrabo, wiio speaks of asbestos found in the same 
place, and woven into cloth. 

Blatk Marble. — In the year 680 of Rome, Lucullus em- 
ployed a black marble, brought from on island in the Nile, and 
called Marmor Luculleum from his predilec-tion to it. 

Synnadic or Phrygian Marble. — The marbles of Synnados 
in Phrygia, the cipollino of the modems, is spoken of by Strabo 
and Statius. This cipollino is a piimitive and shistose marble, 
with particles of mica and green stripes, and is called Cipollino, 
from the resemblance it bears to a leek (cipolla) by its colour 
and scales. 

Strabo mentions the quarries of white marble in Paroa, in 
Proconncsns near Faros, and at Mylassa in Caria. He men- 
tions quarries of variegated marble on the island of Scyros, east 
of Eubtea, on the small island of Dettcalicm, near Larissa in the 
Gulf of Salonica, and at Hierapolis, near Laodicea. From all 
these three, as well as from Carystus and Synnados, large co- 
lumns were sent to Rome. 

Marble of Rhodes. — Pliny mentions a marble with yellow 
v^ns got at Rhodes ; to this marble he compares the stone 
called Lysimachus. 

The greatest number of the large antique Roman columns 
■are of cipollino, of red Egyptian granite, and of the four kinds 
of marble known at Rome by the names of Marmo Greco, 
Giollo Anlico, Pavonazzetto, and Porta Santa. 

Marmo Greco.— Marmo Greco is a ahistose and primitive 
marble, of a bluish white, conlmning mica. 

Giollo Antico. — Ancient yellow marble is, in some degree, 
translucid. The modern yellow Slcua marble is opaque, 

Pavomia^izetto has purple veins. 
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Porta Santa has red vdns. 

The Breccia Africana, which has dark-coloitred Uotobeais 
veins, is somewhut Ices frequent. 

Lacedemonian Marbk. — The Lacedemonian marble meiK 
tiooed by Statiua and by Lucian, is supposed to be the marbte 
DOW called Verde Antico. J(ut, according to Visconti, the 
Verde Antico was inipirted from Thesealonica. 

There are columns of Verde Antico in the Laleran, but there 
are no columns of this marble of so large a size as the columns 
of granite, cipollino, marmu Greco, and Giollu Antico. 

Rosso Antico.— -The ancient red marble, rosso antico, of an 
uniform brick-red, occui-s in the two maible bathing-chairs, and 
in some busts and statues, but not in large columns. 

Alabaster. — Of alabaster, or carbonate of hme in a staJactiti- 
cal form, and translucid when cut into slabs of moderate thick- 
ness, there is an Egyptian statue at Home ; and two columns of 
this substance, about twelve feet high, were formerly in the ves- 
tibule of the Vatican library. This stone is called Alabastro 
liorito, from the flowery form of its veins. The white alabas- 
ter, of which the small statues are maile at Florence, is a diffe- 
rent stone, being composed of sulphate of lime. The Derby- 
shire alabaster, of which there are inlaid columns in the hall at 
Eeddlestonc, is also sulphate of hme, but not of so pure a white 
as the Florentine. 

Many other kinds of antique marbles, which occiu* more 
rarely than those above mentioned, ere met with in the ruins and 
in the collections of marbles sold by the marble-cutters at Some. 

Numidian. — Lepidus, in the year 676 of Kome, first em- 
ployed Numidian marble. Numidian marble is mentioned by 
Statins, Juvenal, and Seiieca. Some commentators coDiader 
the Nimiidian marble to be red porphyry. 

Seneca speaks of the marble ^Alexandria ; of the Tha^lan 
from tlie island of Tha.sos, which is atuated north of Lcmoos 
in the j^gean Sea ; of Egyptian cohtmna, which, perhaps, are 
^aiiite ; and of African columns. 

Some of " named marbles are mentioned by Statiu!!, 

and also th g^ T^y" '^"*^ ^ Sydon, green marble 

from i/ie E ia, and Lybian. Some of die abore 

kinds and mentioned by Juvenal, Mailial, So- 

pisciis, and 
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Egyptian Granite. — The columns of the portico of the Pan- 
theon, tlie Ionic columns of the Temple of Concord in the Fo- 
rum Romouum, and some others at H(Mne, are of large-grained 
red Egj-ptian f^anite, as are the obelisks, the largest wrought 
stones that exist in Europe. This red Egyptian granite, was call- 
ed by the ancients Pyrrliopoikilan, on account of its variegated 
and red colour, and Syenite, beca\ise it was got in the quarries of 
Sycna, in Upper Egypt. Pococke describes the quarries of gra- 
nite which he visited at Syene. Some other kinds of granite 
from the east occur amongst the remdns of ancient art at Rome, 
but not so frequently as the red Egyptian granite. The Ro- 
man marble-cutters saw Idocks of antique granite by means of 
an iron blade and emery, aa calcareous marble is sawed by an 
iron blade and ahcetius sand. The hardness of granite renderi 
the operation of sawing it very tedious. 

EU)a Granite. — There are some columns of ^thalian, or 
Elba granite, at Rome and Pisa- It is small-gr^ned, and call- 
ed, at Rome, Granitello. 

Syenite of Mincralogixts. — The syenite of the two lions, at 
the ascent to the Capitol, differs from the granite of the obe- 
lisks, and is like the stone of which the Egyptian colossal head, 
now (1818) in the British Museum is formed. 

Ba-talt. — There are several ancient Egyptian sphinxes, and 
other figures, and labra balneoiia, or battling troughs, of a dull 
greenish basalt. Basalt is characterized by Pliny as resembling 
iron in hardness and colour ; it more espeoally resembles cast 
iron. Strabo mentions a quarry of millstones which were, per- 
haps, of basalt, at the Black Promontory in Ionia. 

ToHchnlone. — Pietra di Paragone, black touchstone, occurs 
in slabs and figures. 

Porphyry. — The columns of porphyry at Rome are not 
nearly of so large a sine as the large columns of granite. The 
urn of Constiin^a and the urn of Helena is each composed of a 
very large block of porphyi-y ; and the great tazza or saucer- 
shaped reservoir in the rotonda of the Museo Ro-CIementino is 
of one great piece of porphyry. Pliny says that sculptors began 
to work in poi-phyry only in the reign of Claudius. Vopiscus 
mentions jwrphyry. The room in wliich the princes of the 
Greek empire were bom was incriisted with poiphyry, and the 
princes born in ihis i-oom were called Porphyrbgeiieti. The 
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name Porphyry, or purple, applied to this stone, was Uken from J 
the ancient purple dye, made of ihc shell-fisli called Porphy- | 
rios, which was got near Tyre. It is, therefore, supposed tint j 
the andenl dye was of the dull red colour, which this stone ex- J 
bibits. A Bmall grairied greenish por[>hyry is Bonietimes found,T 
but much more rarely than the red porphyry, amongst the re« j 
tn^s of ancient art at Rome ; it is ijiiite different from the an^J 
tique green serpentine. 

Antique Serpentine. — The green antique serpentine, ivhich"^ 
occurs in pavement of churches at Rome, is one of that class (^ J 
■tones called porphyry by the mineratogists. 

Verde di Corsica. — In tlic Vatican there is a vase, which i 
probably antique, formed of the rock compounde<l of jade 
Bcbillerspar. This rock occurs near the magne«an serpentine ii 
Tuscany imd in Corsica- 

Egyptian Brcccia.^The Egyptian Breccia, whicli occurs m % 
some monuments at Rome, is a conglomci'ale, Himpofifil of hard^ 
siliceous stones. 



Art. XXVII. — Abstract of Experiments on the Spedfic Gra- 
vity, Temperature, and Saline Contents of Sea-Water, ^c. 
By Ai.EXANDKK Mahcet, M, D. p. R. S., Stc *. 

JL HE very interesting paper of whicli we propose at present to 
give a brief analysis, is the production of an individual no less 
celebrated by his talents as a chemist and a physician, than by 
those better qualities, without which the lofUest attainments 
lose tlieir splendour and their influence. During the last twen- 
ty years, a period during wliich England has contributed more 
than ber usual contingent to the advancement of science, Dr 
Marcet's exertions have frequently held an honourable and 
conspicuous place; and we regret to think, that England Is so 
soon to lose the beneiit of his co^jperatjon, as well as the in- 
fluence of his example. 

Dr Marcet's at is directed at an early period to the 

analysis of water, e late celebrated Mr Tennant 

received from Sb , some phials of the water of 

the Dead Sea a ir Jordan, brought home br 

r • See PAH. Tra-a. 
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Mr Gordon of Cluiue, he entiuatcd them to Dr Marcet, 
whom he knew lo have betn engaged in sunilar researches •. 
These eminent chemists embraced every opportunity of collect- 
ing sea-water from different parts ol' the world ; and tliough 
the melancholy death ot" Mr Temiant interrupted for a consi- 
derable time the researches of his friend, he was induced to re- 
sume his labours aller the return of the Arctic Expedition, 
which furnished him with numerous specimens of water from 
theFc^ Seas. 

Having procured above seventy different kinds of sea-water 
from different parts of the world, a great number of which were 
nused by an ingenious apparatus, invented by himself, Dr Mar- 
cet began his investigaUon of their physical properties, and their 
chemical composibon. 

The specific gravities were measured in the usual manner, by 
comparison with equal bulks of distilled water of the same tem- 
perature. As the results would occupy too much room, wc 
have arranged them in the following table in groups, and given 
the extremes, as well as the mean, of the different results. 
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From the preceding fects Dr Marcet concludes, 
1. That llie Southern Ocean contains more salt thai 

Northern Ocean, in the ratio of 1.0«91<) to 1.02757. 

9. That the mean specific gravity of sea-water near the Eqiu 

tor is 1,02777, intermediate between that of the Northern a 

Southern Hemispheres. 

3. That there is no notable difference in sea-water under A 
ferent meridians. 

4. That there is no satisfactory evidence, tliat the sea at g 
depths is more salt than at the surface*. 

15, That the sea, in general, contains more salt where iti 
deepest, and most remote imm land, and that its saltoess is i| 
ways diminished in the vicinity of large masses of ice, 
6. Thai small inland seas, though communicating witll 1 
ocean, are much less salt than the open ocean. 
7. The Mediterranean contains rather larger proportioi 
Bait than the ocean. 
The singularity of this last result has been explained, upon 
the supposition that the Mediterranean is not supplied by the 
rivers which Bow into it, with a quantity of fresh water suffi- 
cient to replace what it loses by evajwration under a buriung 
Sim, aided by a jiowerful radiation from the African shores, and 
the i>arching winds blowing from the adjacent desarts. Philo- 
sophers have, therefore, attempted to explain why this sea does 
not gradually increase in saltness, and indeed be ultimately 
converted into saturated brine. This has been ascribe<l to aii 
under current of water, Salter than the ocean, which runs ovit at 
the Straits uf Gibraltar, and unloads its waters of tlieir excess of 
salt. This idea of a submarine current is countenanced by the 
fact, communicated to Dr Marcet by Dr Macmicliael, on the 
authority of the British Consul at Valentia, that some yes 
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ago, a vessel wast lost at ti^uto, on the African coast, and iu 
wreck afterwards^ thrown up at Tariffa, on the European shore, 
fully two miles west of Ceuta ♦. 

The results obtained by Dr Marcet from twelve specimens of 
water from the Arctic Seas, agree wonderfully with those pre- 
viously obtained by Dr.Fyfe, from sixteen specimens, and pub- 
lished in the 1st Number of this Journal, the intervals of lati- 
tude and longitude being nearly the same, and also with those 
of Mr Scoresby, pubUshed in his work on the Arctic Regions. 
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Dr Marcet next proceeds to give an account of the general 
results respecting the temperature of the Polar Seas, as obtain- 
ed by the ofBcers of the late expedition to those regions ; but it 
ts a duty which we owe- to Mr Scoiesby to state, that he has 
completely anticipated them in these observations. 

In Baffin^s Bay, the Mediterranean Sea,, atid the Tropical 
Seas, the temperature of the sm diminishes with the depth, ac- 
cording to the observations of Phipps, Ross, Parry, Sabine, 
Saussure, Ellis and Peron; but it is a remarkable fact, that in 
the Arctic orGreenland Seas, ihe temperature of the sea increases 
with the depth. This angular result was first obtained by Mr 
Scoresby, in a series of well conducted experiments -f-, and has 
been confirmed by the later observations of Lieutenants Frank- 
lin, Beechy, and Mr Fisher. 



• A similar fact is stated by Dr Hudson: « In 1712, M. de L'Aigle of the 
Phcenix of Marseilles, giving chace near Ceuta Point to a Dutch ship, came up wUh 
her in the middle of the Gut between TarilTa and Tangier, and there gave her 
one broadside, which sunk her. A few days after, the sunk ship, with her cargo- 
of brandy and oil, arose on the shore near Tangier, at least four leagues to the 
west of the place where she sunk, and directly against the strength of the current f 
which has persuaded many men that there is a recurrency in the deep water in the 
muddle of the Out that tet8 outward to the grand ocean, which this accident very much 
demonitrate»."^~FhiL Trans. 1724, vol. xxxiu. p. 192. 

f See Scaresbfe Account of the Arctic itegtons, vol. i. p. \%1. 



900 Br Marcet^s Ewperkkenff^^m Sea-Wk 

The following is an Abstract erf* Ml* Scareibf 



Lat. 


Long. 


Depth in 
Feet. 


TempeniP Temp, 
tttze. of Air. 


lerief 


9'0'E. 


Surface 


28<'.8) 








300 


31.8 I 


ir 






738 


33.8 j 




76 16 


10 50 


Snrftce 


883 \ 


16 






738 


30.0 / 


76 34 


10 


Surfoce 


3ao ) 


25 






600 


34w7 / 


77 15 


8 10 


Surftce 


29.3 1 


16 


■ 




600 


30.0 / 


77 40 


5 40 


Sur£ue 


29.0 1 


34 






2400 


30.0 / 


79 4 


5 38 


Snrftce 


29.0 


38 






4380 


37.0 


80 


5 


SurfiMx 


2a7 


40 






720 


36.3 / 


78 8 


OlOW. 


Surftce 


38.0 \ 


96 






4566 


sao / 



J 



The following are some of the results obtained by Lieutenant 
Beechy on board the Trent. 
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80 27 
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32.5 


80 23 


11 3 
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76 48 


12 26 
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43.0 33.0 



The following are some o£ Mr Fisher's results, oEudned on 
board the Dorothea. 



Latitude. 


Longitude. 


Depth 

in 

Path. 


Tempw 
atBoU 
toni. 


Temp. 
QfSnr- 
face. 


Between 
79" 50' , 

and 
80 14 


11*30' E.- 


40 
60 
100 
124 
140 
188 
304 


35'.5 
36.0 
86.3 
36.7 
36.5 
42.5 
39.0 


3r.8 
32.0 
32.0 
33.5 
32.0 
38.0 
31.0 
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Dr Marcet's ExperimenU on Sea-Water. 361 ^H 

f The greatest difference found by Lieutenant Parry was 6% at -,9 

I a depth nf 246 fathoms ; and the greatest obtained by CapliUii ^ 

' Sabine was 7J°, at a depth ol' 680 fathoms. 

By cooling sea-water with freezing mislurcs, and ascertaining 
its specific gravity at eacli degree uf temperature, as it ap- 
proached congelation, Dr Marcct found, that the law of maxi- 
; mum density at 40° did not prevail in the case of sea^water ; but, 
I on the contrary, sca^watcr gradualJy increasL'd in waght down 
. to the freezing point. This able chemist confirmed this re- 
sult by means of an ingenious instrument, with which he 
' measured the bulk of tlie water under various temperatures. 
f The water was always found to contract in bulk down to 2S° of 
I Fabrenhat, when the water appeared to expand a little, and 
Continued to do so till its temperature descended to between 19° 
and 18°, when the fluid suddenly expanded to a very conader- 
able degree, shooting up with great rapidity, and forcing itself 
out of the open end oi' the tube. At the same moment the 
tliermometer rises to 28°, and remains at that point. The hquid 
is now found frozen, and in a few niinutes the maximum of ex- 
, pansion is obtained. 

I Dr Marcet next proceeds to ascertain the saline contents of 

the different seas ; and in this investigation he employed a me- 
thod which he had long ago used and explained in his analy^s 
of the Dead Sea, published in the Phil. Trans, for 1807. " It 
is satisfactory to observe," says Dr Marcet, " that Dr Murray 
adopted, several years afterwards, a mode of proceeding precisc- 
' ly similar, and indeed, that he projxjsed, in a subsequent paper. 
(Edin. Trans. 1816, Vol. viii.) a general formula for the ana- 
lysis of mineral waters, in which this method is pointed out as 
likely to lead to the most accurate results. And this coind- 
dence is tlie more remarkable, as it woidd appear from Dr 
I Murray not mentioning my labours, that they had not at that 
time come to liis knowledge." All the results which Dr Mar- 
cet obt^ned by this mode of investigation prove, that sea^water 
contains the same ingredients all over the world, and that these 
, bear very nearly the same proportion to each other, differing 

only in the total amount of their saline contents. 
• The following table contains all the results obtained by Dr 
Marcet. 

VOL. u. so. 4. .\eRjj. 1820. v a 
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Sffnthetic View of the Remits Stained from the Jna^ais qfdjffireHt 
tlte Qmaitity of Water operated vpo» being auppoatd to be BOO Gn 
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Gantral Observations ^ 

•■* - ^ . ' .* ■ ... . . * • » • • 

Ib the above experiments,. the residues were dried as follows, 
▼iz. The residne obtained from, the .water by' evaporation, was 
th<»roughly dried at a boiling heat in a water-bath^ till it entire- 
ly ceased to lose weight The muriate of silver was heated to 
incipient fusion; die sulphate of barytes and oxalate of lime 
were dried at a boiling heat ; and the ammoniaco-phosphate of 
magnena, was heated tb redness. No filters were used;- The 
}>recipit&tei^ we4*e washed, dried, and weighed^ in the same glass, 
capsules in which they were- formed, with the exceptioii of the 
magneinan salt) which was heated, to redness by means of the 
Wowjrtpe^ in a very thin and small platina crucible. 
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Aet* XXVIII, — OniheFormaiionqf Sugar from ilie Sawings 
: qf Wood^ dd. Linen and Paper, By M. Beaconnot. 

V^JJR ^emical readers are no doubt well aware, of the inte- 
luting, experiments of M. Xirchoff, a Russian chemist, by 
Twhiph he diapoyered that starch may be converted into sugar y 
pQ99es8ing all the properties of sugar from grapes, by mixing it 
with about four times its weight of water, and about one 
hundred part of ilts weight of sulphuric acid *. This discovery 
was confirmed by M. Theodore de Saussure, who ascertained 
that 100 piBUts of starch became 110.14 parts when turned into 
sugar. 

. The same subject has been successfully resumed by M. 
Braconnot, who has discovered the important fact, that a sugar 
similar to that of grapes may be obtained by means of sulphuric 
acid, fipom the sawings of wood, and from old linen. 

In this operation, a certain quantity of these substances are 
treated with sulphuric acid, concentrated by cold. The mass 
appears to be carbonised, but this appearance arises from a 

• Kirchoif also found that some other acids had the same effect. See Journal 
de.Pkyfiqvey torn. Ixxiv. 

A a 2 



964 Braconnot on the Formation of Sv^arfrom lAnen, S^c. 
stratum of black powder which covers it ; and which, when re- 
moved by washing, is converted into a true gum, resembling in 
many respects gum arabic, and likely to be of some use la the 
arts. This gum is separated from the sulphuric acid in excess 
by means of carbonate of hme, and it remtuns in the hquor. 
By afterwards treating this gum with sulphuric add diluted 
with water, at 80° or 40° and in ebulhtion, it is converted into 
true tugar of grapeSy the quantity of which is greater than 
that of the aawings of wood or the linen smpiotfed. In 
addition to this sugar, which forms almost the whole of the 
mass, M. Braconnot obtained another substance, which he call- 
ed the vegeto-sidphur'u: acid. It is composed of sulphur, car- 
bon, hydrogen, and oxygen ; or of a vegetable matter, and the 
elements of sulphuric acid. It is separated from the mass by 
rectified alcohol, which dissolves it, and it is freed, from the 
small quantity of saccharine matter which it may contain, by aff- 
tating it, after it has been evaporated into a syrup with eiha. 
This acid, when pure, is deliquescent, uncrystallisable, and ex- 
tremely acid. It is decomposed and becomes black, when put 
into a capsule plunged in a sand-bath, even at a temperature be- 
low boiling-water. It produces no change in mctaUic solutions ; 
does not precipitate nitrate of barytes, nor nitrate of lead ; efier- 
vesceo strongly with carbonat^es ; and it is capable of dissolvii^ 
all the metallic oxides, with which it forms deliqucscmt salts, 
insoluble with rectified alcohol. When subjected to beat, these 
saline and neutral combinations are decomposed, and emit sul- 
phurous acid, and leave sulphates and charcoal. This new acid 
dissolves "u-on and zinc, liberating abundance of oxygen gas. It 
even di^olves sulphate of lead to a certain d^ree ; and it fc 
with oxide of 'lead and barytes, very soluble salts, which hai 
gummy appearance. 

M. Thenard, from whose report the preceding facts are taken, 
announces, that M. Pouillet has been occupied for six months 
in experiments analogous to those of M. Braconnot ; and that 
he has obtained sugar, by treating Paper with diluted sul]^i 
acid. 
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Art. XXIX. — A very Concise, yd strklly Accurate Method, 
Jbr findhig t/te Interest of any given Svvt, at any given 
Sate, Jbr any given Number of Days. By Henby Good- 
WVN, Esq. Bbckheatli, Kent. In a Letter to Dr Bhewstek. 

SlE, 

JL HAVE experienced, for many years, the utility of the Interest 
Table which I have now the honour of presenting to you. Se- 
veral gentlemen, of well known niathematica! ability in this 
neighbourhood, have spoken favourably of it, not only a 
ses^ng the properties above ascribed to it, but also as furnishing 
a fmr example of the great benefit which may be derived from 
introducing the circles or circulating digits, distinctly from the 
prefixed digits, or finite part of the decimals, whenever mixed 
and circulating decimals arc to be applied in any extent to prac- 
tical purposes. 

It does not appear to mc that any description of the different 
parts of the Table is necessary, as the titles at the heads of the 
adumns seem sufficient for pointing out what they severally arc. 
As to the two Tablets, however, which contain the circulating 
digits of the decimals, it may be obser\-ed, that each of the nine 
«arcles in tbe tablet ibr £ 5 per cent, is tlie same ; that is con- 
^sts of the same digits with one or other of those in the tablet 
for £ 1 per cent. In fact, it is this last-mentioned tablet wliich 
completes the Table ; and they done, if every thing about £ 5 
per cent, were omitted, would be then, as they are now, of uni- 
versal application. It is for its usefulness, then, as die legal and 
common rate of interest, that the tablet, &c. for £ 5 per cent. 
bas been superadded. 

That the nine circles are all which can exist in the present 
case, that is all that can possibly arise fhim the division of any 
^ven whole number less than 365 (the days in a year) by S65, 
admits of easy investigation and proof. But for this, as well as 
for a new mode of finding the circles themselves in all such in- 
stances, I would beg leave to refer to the second section of the 
Appendix to the " Centenary,^ and " Tabular Scries." 
I am, Sir, file. 

Henry Goodwvn. 
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S68 Mr Goodwyn ch a Method of CalcuIiMng Iniereit. 

The amoant of any Annual Salary, for any given number of dcyt, may alao be md^ 

fimnd by the for^^oing Table, as fbllowt:— JIaviiig fomid in it the interest of £1, at 1 ^ 

cent, per annmm^ for the given number of days, multiply that intefcst by the annual salnj, 

and remove the decimal point two places to the right : the ivoduct, so altered, is the uuwtt, 

JBLsMRfle.— Required the amoimt, for 155 days, of an annual saltty of £20. 

Since ^'004^4657534 istbeinteicstof £latljKreeiil.jwrMMraifirl55da^nd 

-00424657534x^0= '0849315068, && by removing the dedmal point two pliea 

to the right, the product will become 8*493150689 &c. the answer. And thisanswoii 
the same as that for the interest of £400 at £ 5 per cent (= £ 20 per amntmj for 155 day& 
, In practice, it will rardy, if ever, be requisite to take out mora of the dednud digib 
than will be sufficient, when multiplied by the given principal, to produce tkree^ or at thi 
most /ovr, decimal digits in the product ; as that numba wiU give the aiwwer to the neaiat 

ftrthing. So, in the first example, at <£^ -| ^ > ^er ce«t, seveii, or even nr, digits will be 

f 00424651 4^^^ fl;^n^ 
1 -0212325 1 1 8-4931 j 

It win, moreover, greatly expedite the whole process to be able mentally and instants- 

neoQsly to convert the above J • jnai f ' ^ '"^J other decimals of a pcNmd Steriing, into 

shillings, pence, and fiarthings; and the reverse: operations, of whidi the mode mif 
easily be learned from almost every treatise on decimal arithmetic. In the above instance, 



quite snlBcient. Thus, 



answer. 



fre986) _ o f l:lS:lin 
1 8-4931 j- (8: 9:101) 



Results may thus be obtained, whidi, for eaaeand 



accuracy, can scarcely be produced from any of the voluminous Tables of Interest that hai» 
come under the Calculator's observation. An additional advantage may be gained by meam 
of Contracted Multiplication in finding the products ; as will be evident fiom afiew examples 



Example I. 
Bequired the Interest on £375 for 155 days 
at 5 per ceni» per annum ? 

155 days, per Table, at £ 5 per cent 
= "02 + Ga = -Oglga^S&c. which being 
multiplied by 375, or 
rather, when prepar- 
ed for contract, mul. by 573 

636984 

148630 

10616 



will produce 7.96230 =£7: 19: 3 Ans. 



£ 4287, 10s. 



Example II. 
Requhred the Interest on £4287, 10s. for 
359 days at £ 5 per cent, per annum f 

359 days, per Table, at £ 5 per ceni, 
= «04-f-Fe= 0-4917808 &c which being 
multiplied by 
= 4287*5, or ra- 
ther by _?1??^ 
19671232 
983562 
393424 
34425 



win produce 2] 

It is manifes 
particular Princi 
is it limited to ai 
at any given Ral 
Sum, at the give 
OKI DAY multipL 



ExampU III. 
Required the Interest on £ 1680, lOs. for 
207 days at 3i jmt eeat per ammmf 

207 days, per Table, at £ I per ces^ 
=-005+i7e= -00567183 
34 per cen/.— 3*5, 
which,or rather by 5*3 

1701369 
283561 



multipljiqg ^ 



the result is -01984930 
£ 1630 10= 
ther when prepa- 
ed multiplication, 5*0361 



£1630-5, or* 
red fbr contiKt* 



1084030 

1100958 

50548 

092 



wiU produce 32*36428=£32:7:3iAi^ 



"^;17:0JAns. 

xamples, that the use of the Table is not confined toi^ 

\ nterest. Nor, excepting in so fiu* as r^;aids inxpv^ 

>er of Days ; for, when the Interest of any given Smm 

ONE DAY, it is evident, that the interest of that flOK 

Number of Days, must be the Interest so found ftt 

Tiber of Days. 



Aet. XXX. — Accowit of a Meteorological Jonumalfor \%\% 
itepi at Kiwfmms by the Reverend HosEitT Gordon. In a 
Letter to Dr Bbewstes. 
Sir, 

X O render the following tables intcHigible to your readers, it 
may perhaps be necessary to esplaJii the plan of the journal 
from which tliey are taken. In tliat journal, the day is sup- 
posed to commence at 10 on the morning of one day, and to ter- 
minate at 10 on the morning of the next. At that hour, the 
self-registering thermometers arc tidjusted ; and the highest and 
lowest jx>ints to which they had risen and sunk previous to that 
adjustment, are recorded a.s the extremes of the preceding twen- 
ty-four hours. The difference between these quantities is car- 
ried to another column, as the range of the thermometer during 
ttie same period. The last column under the head Thermo- 
meter, contains the mean temperature of water, conveyed in a 
pipe for several hundred yards under ground, at the medium 
depth of about three teet. This temperature is the result of 
three obsen'ations taken at equal intervals every month. The 
other columns under thb head require no explanation. 

From the want of a self-registering Barometer, my observa- 
tions of thai instrument are confined to its actual Iieight at 10 
morning and, evening. The columns, therefore, that contain die 
range of the mercury, must be considered only as an approxi- 
mation to the true quantity ; but they serve to show the ostnlla- 
tions of the mercurial column, without the trouble of comparing 
two consecutive observations. The difference between the 
morning and evening observations of the same day is entered 
as the range during the daj-, and the difference between the 
observation in the evening and that of the following morning, is 
entered in another column as the range during the night. 

The columns under tlie head Hygrometer, contain what I be- 
lieve is not to be found in any other meteorological journal, and 
will therefore require a more particular explanation. Most of 
your readers are probably aware, that of the numerous instru- 
ments given to the world under the name of Hygrometers, there 
is not one that shows correctly eitlier the absolute or relative 
humidity of the atmosphere. The greater part of them de- 
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pend on the mechanical texture of animal or yeget&lAe aubstan- 
088, and are subject, thereiixre, to such dexaogements; 4U muirt 
render their indications altogether unsatisfactory. The. Diffe- 
rential Thermometer, applied to the purposes of hygrometry, is 
not liable to the objection now stated ; but as its indications are 
modified by temperature, it does not directly convey any satis- 
factory information respecting the hygrometric state of the air. 
An accurate hygrometer, therefore, was still a desideiratum in 
meteorology, till the publication of the article Hygrometbt, in 
the Edinburgh EnofdopaxHa, where it has been supplied, not 
by the invention of a new instrument, but from contempora^ 
neous observations of the thermometer and hygrometer, or sim- 
ply of two thermometers, one of them having its bulb covered 
with moistened silk or paper. In that profound and ingenious 
treatise, the author * has given a formula, from which may be 
deduced, in any given state of a wet and dry thermcHneter, the 
following interesting results. 

1st, The point of deposition, or that temperature at which the 
air, if cooled down, Vould begin to deposit moisture. 

^, The absolute humidity of the atmosphere, or the quanti* 
ty of moisture contained in a given portion of air. In the fbU 
lowing tables this mdisture is expressed in decimals of a grain 
Troy for every 100 cubic inches of the atmosphere. 

3d, The relative humidity of the air, complete dryness being 
denoted by 0, and complete saturation by 100. This result ex- 
presses the quantity of moisture which the atmosphere contains, 
in hundredths of what would produce complete saturation, at 
the given temperature. 

To facilitate the application of the formula, I hav6 construct- 
ed from it a table, by which the above results may be found 
ftom simple inspection. It is hardly necessary to observe, that 
the whole is deduced from the depresaon of temperature, by 
evaporation from the moistened thermortieter below that of the 
^ry one. 

I have only to observe farther, that the quantity of rain is as- 
4certained by a g? ' '^ed in an open situation, six feet aibove 

the surface of thi the evaporation by a basin sheltered 

from the sun, ar act with the thermometers. The 

■* Adam Anderso: tor of the Academy^ Perth. 



It^t at Kmfaunt near Perth. STl 

place of obfl»Tadon is on the Bonks of the Tay, four miles be> 
lov Perth, 185 feet above ibe level of tfici sea, and on the south 
aide of a hill that rises to riie height of aboiit '400 feet above the 
river, 

Meteordogical Ohaerva^cma, Latiiiuie BS" 9£^ tf. 
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I have aimf ' ' the above tables the ri^ults of my obserra- 
titms in 181t 'he sake of some very remarkable coin- 
cidences bet -^ears. The most sttiking are the 
range of the 1 barometer, the absolute and reJa- 



Colonel Beaufoy on the Diurnal Variation of the Needle. Si 
live humidity of the atmosphere, and the quantity of evapora- 
tion. My journal for 1817 docs not exhibit the range of the 
barometer, but in other respects it ^ves results almost exactly 
the same as the above. The mean daily range of the thenno- 
meter for that year is 12.4. I am. Sir, yours, &c. 

Feb. £6. 1820. Robekt Gohdok. 



Art. XSXI. — Quarterh/ Abstract of tlie Diurnal VariaUon 
of the Magnetic Needle. By Colonel Beadfoy, F. H. S. 

Monthly mean Variatioa of the Magnetic Needle, 
Variation West. 
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Owing to the shortness of the Jays, the evening observations 
vere discontinued. 
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1820. J 



, AnT. XXXII. — Proceedings of the S<njal Society of Edin- 
burgh. (Continued from p. 181.) 

Dec. 20. 1819. — xi. i-apeii was read by Henry Mackenzie, 
Esq, Oh the English Poets, considered -mth reference to their 
lyrical Poems. This paper was an Appendix to his account of 
Mr John Home, and was prefaced with a short notice of the 
loss which the Sodety had suffered in the death of two of its dis- 
tinguished members, Lord Webb Seymour and Mr Playfair, 
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.» Jim^rS. 18£0tT-Sir Gkorge Mackenzie, Bart» r^ a Paper, 
oititl^, Sfecufaiiona on the NaiiuTe of Sound. The facU 
which he chiefly dwelt upon were, first, That in every experi- 
menty.air has intervened between all bodies supposed to have 
the power of eildtting and of conducUng sound, and the appa- 
ratus of the ear ; % That sound varies in quality, and that the 
quality is not altered by transmission throq^ different media, 
although the intensity of the sound may be increased or dimi- 
lii&h.ed ; 3. That the intensity of sound does not depend on the 
rate of vibration ; 4. That different substances have the power 
of modifying the quality of sound ; 5. That there are cases in 
which sounds interfere with one another; 6. That the same 
effect, in acquiring any pitch of sound, may be obtained by pre- 
serving a spring of the same length, while the volume of air 
connected with it is altered in dimension, (as in playing on a 
J^w's harp) ; or by keeping the volume of air the same, while 
the dimensions of the spring are altered, (as in the trumpet of 
an organ). Sir George Mackenzie's opinions, as far as they were 
stated, are, 1. That sound is a medium sui generis ; 9,. That this 
medium is emitted by no other substance but lur ; S. That it is 
not conducted through air, but that successive portions of air, 
when put into a certain condition by impulse, emit it ; and that 
when the impulse reaches the air in connection with the tympa- 
num, the sound emitted by that portion of air alone, is made per- 
ceptible to us by the apparatus of the internal ear ; and that we 
learn to judge of the distance of the body that gives the im- 
pulse, in a manner analogous to that by which we judge of the 
distance of objects in perspective ; and that our acquaintance 
with sounds, as they proceed from impulse given by certain 
means, is derived from an imperceptible induction, amilar to 
that by which a child learns the meaning of words, and fixrms 
correct ideas of distance. Lastly, That all means of producing 
sound, are only means of causing air to emit it. 

Jan, 17. — ^Dr Fergusson, Inspector of Hospitals, read a pa- 
per On tJie N^*'»''*'e and Properties of the Marsh Poison, as known 
under the ^/»^.9A Miasmata and Malaria. The author 

endeavoui ^rom a reference to the medical topo- 

graphy of 1 the South of Europe and the West 



ffvceedingi o/* the Royal Society of Edinburgh. 87& 

Indies, that the universally i^eived opinions of aqueous and 
vegetable putrefaction, single or combined, being the sourees 
of this poison, were unfounded ; that putrefaction under any 
shape had no efiRsct in producing it ; that it never emanates 
from water in bulk, however putrid that water may be, nor is 
nectfsi^rily an exhalation from marshes, but some modificaticm 
of the state of the atmosphere by heat and moisture, being the 
product of a highly advanced stage of the drying process in ab- 
sorbent soils, that had previously and recently been saturated 
with water. The illustrations were principally taken from the 
countries where the author had served with the British armies 
during the last twenty-five yearf, and exhibited a great variety 
of faicts and observations in support of the opinions the paper 
fNhof^ssed to advoca/te. Other properties of the marsh poison, 
^eh a& its particular adhexisnce to and attraction for lofty um* 
bi^sigeous trees and rising grounds in the neighbourhood of 
dW^nps ; its concentradon iti ravines, hollows, or leeward, loca- 
lities ; its absorption from passing over water, and rarefaction 
or dissipation by the sun's heat, and regular currents of wind, 
were also pointed out and iUustrated. In the course of the 
paper, the author, while treating of the effects of the marsh 
poison, was led to consider its extreme and most baleful pro- 
duct, — the yellow fever of the tropics; — and the non-conta^ 
gious nature of that disease, was established by a series of facts 
and arguments that appeared to be incontestible. It concluded 
with some observations on the mode of reception of the marsh 
poison into the human constitution, whether by the lungs, the 
stomach or the skin, which last the author seemed to think 
was the most probable channel, and supported his opinion by 
ebme illustrations token from the plague of the Levant, and 
the peculiar idiosyncracy of the African or Creole Negroes. 

Jan. 26. — ^At a General Meeting of the Society, the follow- 
ing members were elected : — 

Honorary Memsbrs. 
His Royal Highness the Prince Leopold. His Royal Highness the Archduke Maxi-- 
His Imperial Highness the Archduke milian. 

John. M. le Chevalier Delamhre, Perpetual Se«- 

cretary of the Acadeaay of Sdencet. 



I 
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John F. Herachel, Esq. F. », S. 
Adum AnilCTBon, Esq. A. M. 
John Shank More, Esqa 
Wniiam H»U, Esq. A. M. 
Dr George Augustus Bortbwick. 
Robeit Dundui, Esq. ot Amicbuu ! 
Dr Samuel HibberU 
Jutncs Rubinwn Scott, Esq. 
Or Robert Haldone. 



Junea Hunter, Eiq< ofThurslun. 
Right HoDOuiable David Boyle. 
Jamea Keith, Esq. 
Right Konounible Sir Sunuel ShepbcnI. 

Nflirne, Esq. 
John Colquboun, Esq. 
110117 Raebmn, Esq. 
Lientenant-Coione] M. Stewari. 
Chnrles Bitbbage, Esq. P. R. S. 
ThumoB Guthrie Wright, Esq. 

Feb. 7. — A paper by the Rev. Mr Holland was read, On- 
Radiation of Caloric, and the apparent Radiation of Cold. 

At the same meeting, a paper by Dr Brewster was read, 
the Mean Temperature of the Earth. The object of thi 
was to explain a new and very ^mple tbmiula for finding 
mean temperature of any plaee in the western region of thi 
world, at all latitudes ; to point out its remarkable accori 
mth the fine series of observations collected and arranged 
M. Humboldt. The formula g^ven by Dr Brewster, waa, 

T = 81*.5 Cos L. 
T being tlie temperature at the level of the sea in degrees 
Fahrenhat's scale, L the latitude of the place, and 81*J! 
mean temperature of tho Equator, as deduced by Hiimbol 
This fonnula gives, to a surprising degree of exactness, 
mean temperature of llic parallel of 78° in the Greenland 
as ascertained from numerous observations by Mr Scoresby ; 
from its eoincidence with observations at tlie Equator, — in thf 
parallel of 46°, — and in the Arctic Re^ons, there can be little 
doubt, that the mean temperature of the North Pole differs 
Ettle from 0° of Fahrenheit, in plaee of being 32% as assumed 
Mayer and others. The formula of Mayer errs no less 
nine degrees in the latitude of 78°. The paper was accompa- 
nied with a table of die ascertained mean temperature of thirty- 
one places, compared with the new formula and that of Mayer, 
The sum of the errors of Mayer's formula was 76°. 73 ; 30 being 
positite and ' e. The sum of the errors in the new 

-fonnula was -ative errors being 14'.24, and the 

negative ones 
Feb. 31— 
Jiis piper On 



little 
dI]|H 




iie, Esc|. read a continuation 
Mis of Scotland. 



jia me i 
tion ^i^H 



( 377 ) 

ART. XXXIII.— Proceeding* <^thc WemeTian Natural J7is- 
lory Society. (Continued from p. 183.) 

Dec. 1 1. 1819. — i HE Secretary read a. paper by Mr JtJin 
Stewart, Lecturer on Botany, communicating a Neui habitat 
of the Buocbaumia aphyUa. This rare moss was found by 
him at Wedenshope in Peeblesshire, in October last. The 
plant grew chiefly on the abrupt declivities of little hillocka of 
peat-moss, perfectly destitute of other vegetation ; though some, 
and these the most luxuriant plants, were found under heath, 
lichens, &C. He mentioned, that lie had, in neveral instan- 
ces, found more than one fruit-stalk from the same bulb, 
and these in very different stages of vegetation : One for in- 
stance decayed, with the flat «do of the capsule detached for 
h^ way down from the summit, from the gibbous aide,— the 
9ta,te in which some of Buxbaum's original specimens seem 
to have been,— and which had never occurred to the obser- 
vation ol' Linnaeus, and hence his too severe criticism of 
Buxbaum ; a second nearly mature, with the operculum not 
yet detached ; and a third, (oi a pistil rather,) with the 
calyptra not yet detached from the base. Having observ- 
ed the slow gro^vth of the capsule Ju some specimens ga^ 
tkered in October 1818, for four montfis, which vegetated 
freely for that period in a flower-pot, Mr Stewart was induced 
to conclude, on finding three fruit-stalks in such different stages 
of vegetation as those above described, that the plant could 
not be annual, as it has hitherto been stated to be by authors. 
Mr Stewart, it may be added, de^ribed the leaves of this sup- 
posed aphyUoiis moss in his course of Lectures on Cryptoganuc 
Botany, during the winter of 1818-19. They are palmate, or 
much laciniate, and reticulated like the substance of a junger- 
monnia. 

Dec. Si. — Professor Jameson read a Descr^iion of the rocfci 
at Satidside Bay in Caithness, from which it appears that 
they are of syenite, granite, limestone, conglomerate and sand- 
stone, and all apparendy of cotemporaneous formation. 

Jan. 15. 1820, — Mr Butter read a paper on the Change of 
Plwnyige johich is aometimes observed in a^d female birds to 
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thai of the male. And Professor Jameson read some ObservO" 
Hani on ihe.MouUmg tf. Birds^ andi^pU^ied^EiQicn^ 
change ofcohury whjdi. takes p]|U9Q.)|i.Qi>pie specifisi 09. tbf^ ap- 
proach of winter, and from which it appM^ed not only that the 
old feathers become .white, but that an add^iona) quantity .oC\i]tew 
ones axe -at Ae same tiine produced.' At (k^ m^tipg, 'l^refesscsr 
Jameson: exhibited a specim^ pf the w$^^r-^{dl, pjrepared spM 
years ago by. Dr Willis, in order to shew tbe spin^on .the wi(^ 
Ifl^.of the water-rail) and the Professor ftt the saine. time poioU<i 
out'SfMhes cf the sanie description be bad detected in the oqhi- 
mbn. water-hen, and in several foreign spedies of the same genust 
(iJauL 29.r*r-Frofessor Jameson, ^t thi? mating, r^ad. a Serii^ 
eflobservoAms en ike phetwmena presented at the line^.Jun!^ 
Hon', of quQfrtAmtk. and Jimtstone, from, which it. appears tb^ 
tliey.are .of ;the same description as those observed at the jmn^ 
tionof.trapand limestone* He alsp pointed out several pji^ 
iKxuenaiiif a similar nature, which :be had noticed at th6 meetr 
ing.of Hmeatonoe having different textures. 
.1. Feb,. 12.'r— Dr Yule laid before the Society a communicauoii 
irc^rding^a Collection of rare' plants in a. living states receiveit 
JSrbm Dr Widlick of the Calcutta Garden^ and conveyed to this- 
•oaunfry with- great care by Colonel Udny Yule, with revoark^ 
aq the mos6 efiSectual means of transporting plants and seedfr 
safely from- &tant tropical countries. At the same meeting. 
Professor Jameson read a paper on Thermal Rocksy &c. which 
18 printed in this number of our Jounial, p. 307. 



AuT. XXXI v.— SCIENTIFIC INTEL LIGENCE. 
''/ ": y i.- NATtRAL PHILOSOPHY. 

ASTRONOMY. 

iVivit ..(%2ir^i{i^^iAd.jEJc2tj9^r.-^It. bai» general^ been jnippos^ 
•d;by astranomexs, that tlie observations of the winter solstice* 
give 8iless. obliquity of the ecliptic than thoaepf the summer 
solstice. M»'. Bessel has recently called this opinion in questiof),. 
and shews that Bradley'^s observadons give the same result both* 
in JBummer and winter. His own observatioiki alao give a simi- 
lar result. Dr Brinkley thinks that the difference arises from 
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.isflcnoftm iBodificatiph gf re&Qi^UQn^ mi b^ jhaft ibiuid 
that^ ittt' the winter j^lsdcie, dn irr-egijijari^y .pf .^^luitian Uiibs 
.pbbelilnr the sun^ gveatortban iVtr the sUirs at the same zetutii 
distance. See iP^i/, Tr^nu. 1819, p. 241; 

2. Jtberration of Light. — ^Dr firinkley has found the rmxU 
mum aberration of light to be 20'^8U, much greater than it has 
been believed to . be. This result has been confirmed by 
M. Bessel, who, from several investigations in the Greenwich 
observations of Dr Bradley, makes the maximum 20^.70. See 
Phil Trans. 1819, p. 246. 

3. Transparency of the Comet of 1819. — Dr Olbers hiaYJnff 
calculated that the comet of 1819 would pass over the sun^s 
disc on the 26th of June 1819, it became desirable to ascertain 
if any spots were seen on the sutfs disc at that time. Major- 
Qenearal Lindener of Gbtz, had fortuoat,ely pbserved (he sun 
on that day at 5, 6 and 7 o^cloqk, widi agppd t<?lescope of 
Bajnsden\ but ru) spqt was visible. On the 27th, in the mprn- 

. ing^ he observed a sfnall ^pot. 

4. New Comet j-'^'iJL Blanpain has discovered at Marseilles, 
a comet in the constellation Virgo. On the 28th Nov. at 5^ its 

. right ascenaott was 180° 31', and decl. 0° 20' S. Ovk tlie 2d jDec. 
.at 5**, its, right a^ension was .185° 6', and its decl. 2"*, 20' N. 

6. Sciar, Eclipse, of Hie ^th *yep^ewier.l^20.— The following 
list of places where this eclipse wUl :^ be ammlar^ has been com- 
municated to us by Mr Charles Rumker of Hamburg. The 
calculations for 'Hamburg- were made by himself, and for the 
other places by M. Gerling. 



Places. 


Mean Tims. 


Shortest di^u 
tance of the 
centcts. 


Place .of.^e 
first ^imjprps- 
sion from the 
zenith of |he 
0tothewe«t. 


Beginning. 


Middle. ' 


End. 


Gottingen, 

Seeberg, 

Bremen, 

Hamburg, 

Manheim, 


Ihl4'27' 
1 19 46 
I 0600 
1 11 10 
1 10 31 


2h 41' 04" 
2 46 17 
2 82 21 
2 36 11 
2 38 19 


4h01'12' 

4 6 10 
3 52 42 
3 36 56 
3 59 09 


16''^.1 

23.5 

14.6 

44.4 
38.0 


67° 

69 

65 

.05i 

64 



6. Astronomical Society in London. — ^We congratulate the 
friends of sdence on the recent establishment of an Astronomi- 

B b2 
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cal Society in Ix>ndon, which ah'eady contains many of the most 
distinguished names in Great Britain. The object of the so- 
ciety is to encourage and promote Astronomy, ^^ by collecting, 
reducing, and publishing useful observations and tables; by set- 
ting on foot a minute and systematic examination gf the heavens ; 
by circuladng notices of all remarkable phenomena about to 
happen, and of discoveries as they arise ; by proposing prizes for 
the improvement of particular departments, and bestowing me- 
dals or rewards on successful researches in all ; and, finally, by 
acting, as far as possible, in concert with all institutions, both in 
England and abroad, whose objects have any thing in conmion 
with their own, but avoiding aU interference with the objects 
and interests of established scientific bodies.^ 

OPTICS. 

7. Harmotome.'^-'Tyr Brewster has fotmd, that this crystal has 
T^ axes of dottble refraction; and therefore it miuit have a pri- 
mitive form different from the octohedron with a square base, 
which Haiiy assigns to it. The Count de Boiunon had long 
ago, from mineralogical reasons, supposed that Hauy had given 
it a wrong primitive form. 

8. Meionite. — ^This crystal has been found by Dr Brewster 
to have One axis of double refraction, coincident with the axis 
of the prism. The action of this axis is NegaAve^ like that of 
Iceland-crystal. The indices of refraction are. 

Ordinary refraction, 1.6058 

£xtracn*dinary refraction, 1.5763 

9. Petalite. — This interesting mineral, from which is obtain- 
ed the newly discovered alkali called Litkiony has been found 
by Dr Brewster to have a perfect crystalline structure, and to 
possess Tz0O axes of double refraction, 

MAGNETISM. 

10. VoHatiim of tfie Needle at Lyons. — The following mea- 
sures of the variation of the needle were obtained at Lyons. 

1751, Nov. 15°.45' W. 1757, Dec. 17^.15' W. 

1752, 16.00 1760, 1&80 
1755, Dec. 16.30 1761, 1&45 

Zach's Correstp. Astr. L 3SS. 



METEOBOI,OG¥. 

11. Red Rain. — On the 2d of November in the aAemoon, a 
red-coloured r^ fell at Blankenburg and Dlxmude, in Flsn- 
ders. tn the .foUowing night the Eanie happened at Scheven- 
ingen. When analysed, it yielded the hydrochlorale of cobalt.^ 
Anntdes Generales des Sciences Physique. Bruxelles ". 

IS. Black ^ain.— 'The tbllowing account has been publishedin 
the American Journals : " Novevtber 23. 1819. Awfui Storm 
at Montreal. — The dark and thick weather which was expe- 
rienced in tliis city some time back, extended throughout the 
United States, as well as the neighbouring provinces. In the 
district of Maine, the darkness was very great at times, dur- 
ing which there were occasional peals of lliunder, and very ^vid 
lightning. The appearance of the firmament was awfully grand 
and leirific, which gave rise to the most fearful apprehension 
in the minds of many persons. In Montreal, also, the dark- 
ness was very great, pardcularly on a Sunday morning; the 
whole atmosphere appeared as covered with a thick haze of a 
dingy orange colour, during which rain fell of a dark inky ap- 
pearance, and apparently impregnated with some black sub- 
stance, resembling soot. At this period many conjectures were 
afloat, among which, that a volcano had broken out in some dis- 
tant quarter. The weather after this became pleasant, until the 
Tuesday following, when, at 12 o'clock, a heavy damp vapour 
enveloped the whole city, when it became necessary to light 
candles in all the houses ; the stalls of the butchers were also 
lighted. The appearance was awful, and grand in die extreme. 
A little before 3 o'clock, a slight shock of an earthquake was 
felt, accompanied with a noise resembling tlie distant discharge 
of artillery. It was now that tlie increasing gloom engrossed 
universal attention. At twenty minutes past 3, when the dark- 
ness seemed to have reached its greatest depth, the whole city 
was instantaneously illuminated by the most vivid flash of light- 
ning ever witnessed in Montreal, immediately followed by a 
peal of thunder, so loud and near as to shake the strongest 
buildings to their foundation, which was followed by other 
peals, and accompanied by a heavy shower of rain, of the colour 

■ This Jouriiai is cdilert by Bory (k St Vincent, Vnn Mo«e, anft On'^Ki. 
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above described. After 4 F. JM[» the heav^is b^an to assume 
,VL brighter 9^ppearance, and fear gradually subsided* Betuceen 
4 and 5 it was discovered that the steeple of the ij^rench 
Church in Notre-Dame Street was on fire. The flames were 
seen issuing from the top of the ^ire, which, through the haze, 
had the appearance of a lighthouse- seen far at sea. A sniaH 
engine was taken up the isteeple, and the fire extinguished, afier 
'great exertions, between 8 and 9 o'*clock at night At fro'ckxsk 
the iroti isnicifix fell with a tremendous erteh, and broke in se- 
veral pieces.'' - . . . ^ 

13. Snow in Rome. — In the month of January last, snow fell 
in Rome, which lay three days on the roofs and in the streets. 

14. Mean Temperature qf' the Year. — Such of our readers 
as keep meteorQlogical Journals, will ccnfer upon us a particular 
iavour, by transmitting to us the average temperature of the 
year, as obtained from their observations, and also a statement 
of the number of years from which it is deduced, and of the 
place of observation above the level of the sea. 

IT. CHEMISTRY. 

15. Saussure^s Experiments on the Decomposition oj Stardi, — 
A very interesting Memoir by M. Theod. de Saussure has been 
publi^ed in the Phil. Trans, for 1819, part I. The followi^g 
are. the principal results of his investigation. Starch, when re- 
jduced to the state of paste, and allowed to decompose sponta- 
neously at a temperature between 68^ and 77° Fahrenheit, pro- 
duces, either by the contact of air or without it, (1.) A species of 
sugar, similar to that which is obtained from it by the means of di- 
luted sulphuric acid. (2.) A species of gum, which has a great 
resemblance to the gummy principle of roasted starch. ' (3.) A sub- 
stance which Saussure calls Amidine^ possessing properties inter- 
mediate between those of starch and the preceding gum. (4.) 
A substance approaching to ligneous, by its insolubility in water 
and in several acids ; but it has an amylaceous character, in gi- 
ving a purple tinge to an aqueous solution of iodine. 

The spontaneous decomposition of starch furnishes also other 
products, but their presence and mode of formation are subor- 
dinate to the action, or to the absence, of the atmospherical air 



during the fermentation. Wlien the decotnpoation takes pjLaf^ 
-wiA the contact of air, the starch produces much water j|. into 

wluch the atmospherical oxygen gas does not enter as a^ con- 
.atituent principle* It is fcxmcKl from the carbonic acid gas, 

Uie oxygen of whicli belongs to the atmospherical air. The 

«tareh deposites charcoal, which browns all the products of the 
'.cperaUon/ The .weight of the dryiresidue is less than that of 
'd%e,s6ap employed. When the decomposition, takes place mtb-' 
.out the contain of the 4iir^ the starch produces no water, but dis- 
engages a small quantity of carbonic acid gas, and pure hydro- 
:gen. It deposites no charcoal The weight of the drj tes^ 
.due is equal to that of the soap employed; 

• 16. Phosphoric Acid in Vegttahles.^^Mv Barry of Plough 
Court, London, has discovered, in the preparation of pbarma- 
ce'utkal extracts by evaporation in vacuoy " that all those vege- 
tables which are cultivated, seem to contmn phosplioric salt in 
jgreal abundance.^ 

17. New Differ e^itial Thermometer. — Dr Howard has de- 
scribed in the Journal of the Royal Institution a new differeii- 
tial thermometer, which differs only from tlie thermoacope of 
Count RumfcH-d, or the differential thermometer of Les^e, in 
liaving the bulb filled wiUi the vapour of alcohol or ether, ia 
place of air. An instrument of this kind has been exhibited 
ibr ' many years by the eminent Professor of Chemistry in rite 
University of Edinburgh, and for magnifying the e&ctof 'stnaU 
d^^s of heat He found it, however, as D): HoWard will al- 
so do, to be entirely unfiit for the purpose of measuring ^iffi- 
rences of temperature. The same remarks apply to Mr JBrand^s 
idea of converting it into a PhotcMieter. 

18. Braconnofs method of dying WooIySilk^ Cotton andHemp^ 
a fine Mineral YeUow Colour. — The substance w^hich M . Bra- 
connot recommends for this purpose is realgar, or the sulph'tiret 
of arsenic. Having mixed 1 part of sulphur, 2 parts of the 
white oxide of arsenic, and 5 parts of potash of commerce, melt 
them in a crucible at a heat near that of redness. The yellow 
mass thus obtained is to be dissolved in hot water, and the U- 
•quor filtered, to separate it from a sediment. It is theo to be 
diluted Mitb water, and sulphiuic add pQured.upon it,.of jsudi 



Ik streilgtfa 88 to produce a fleecy precipitate of a saperb ydlow 
colour. This precipitate, washed on a cloth, dissc^es with ex- 
treme fadlity in ammonia, and gives a ydlowish liquor^ into 
which is poured an excess of ammonia, to discolour it entirdiy. 
In this liquor the goods to be dyed are plunged ; and all shades 
of yeUow may be obtained, by diluting it with water. When 
the stuffs are taken out, they are colourless, but they assume 
gradually the yellow colour as the ammonia evaporates. In the 
above operation, all metallic utensils must be carefully avoided. 
The colour thus, obtained is more durable than the material 
which is dyed. It resists all agents excepting the alkalies, and 
may be used in tapestry, velvets, and other stuffs for furniture, 
and also for painted papers.— ^nn. dt Chitn. et de Phya, tom. xii. 
p. 98. 

19. Uknine from Wood, — ^M. Braconnot has discovered that 
artificial ulmine may be obtsuned from wood, by the action of 
potash. He has foimd it in great abundance in turf, and in a 
variety of ligneous earths. He considers it as a constituent 
part of soot, but he could not produce it with oil. 

20. Clegg*s New Method qfproducing Coal-Gcts.'-^MT Cl^g 
has contrived a new apparatus by which he can produce 25,000 
cubic feet of coal-gas from one chaldron of Newcastle Wallsend 
coal, without generating ^ther tar or ammoniacal hquor, being 
10,000 cubic feet more than was formerly produced. The 
ooal is introduced, by a mechanical process, in strata not exceed^ 
ing half an inch in thickness. In this way, the retorts are kept 
at an uniform heat, and the coal is completely and rapidly de- 
composed, so that the whole of the hydrogen combines with 
the charcoal, constituting olefiant gas ; and the matter which 
usually escaped in the form of tar and ammoniacal liquor is 
perfectly decomposed. The expence of producing 50,000 
cubic feet of gas in twenty-four hours on the old plan is 
L.8817; upon the new plan L. 1123; and the expence of 
producing an equal quantity of light from oil L. 19,010. 

21 . Cadmium.'^Dr Clarke of Cambridge has discovered cad- 
tnium in the radiated blende of Derbyshire. Several chemists 
in London have confirmed this discovery, and have detected the 
same metal in pther ores of zinc. 
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33. New Ore of Nickel — A new ore of nickel, made known 

but not described by Cronstedt, has been analysed by Professor 

P&ffof Kiel. Its specific gravity is 6.1^9; and it is Composed 



Nickel, 


21.43 


Atsenic, 


4S.90 


Iron, 


10.46 


Sulphur, 


12.86 



III. NATURAL BISTORT. 

ZOOLOGY. 

23. Notices of Works pubUsking in Itali/ on Human and Cmrt- 
paraiive Anatomy. — A posthumous work of the late celebrated 
Paolo Mascagni (autlior of the splendid Views of the Lymphatic 
System) is now ready for publication at Florence. This work 
was begun so far back as the year 1787. His design is to ex- 
hitnt, by a series of Engravings, connected views of all the parts 
of the Human Body, as they appear in nature, proceeding from 
the surface inward, in the order of the several layers of muscles. 
It was found, however, that to have united the absorbent ves- 
sels with the ai-teries, veins, and nerves, would have rendered 
ihe figures excesavely complicated, and their demonstration con- 
fused and obscure ; wherefore, the bloodvessels and nerves 
alone, as they occur near the surface of the body, are exhibited 
In connection with tlie other organs. The better to characterise 
each system of organs, they will be represented in different styles 
of engraving ; so that muscular fibre shall at once be distinguish- 
ed from tendon or bone, arteries from veins and from nerves, 
&c. ; and stiU better to insure this object, in some copies, all the 
parts will be coloured according to nature. To preserve dis- 
tinctness and exact relative position of parts, each figure will be 
of a aze not less tlian natural. The external superficies of the 
body will be contained in two figures, each about 3 braccia of 
Florence, or 5 feet of Paris. One will represent a front, and 
the other a back view ; and such parts as could not well be ex- 
hiHtcd in the entire figure will be re]>resented in se/Toraie views, 
of which there wilt be cig^t connected with the above two figures, 
representing the axilla, the mamma ; the organs of generatioii,miile 
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and female ; the ear and ^e nt^nificd ; the head, in di&rent 
aspects ; and the feet These two figures, which represent die 
/trsi layer of muscles, with the nei^es and bloodvessels, will 
form the ^rst fascumlua. Two other figures of the same sue, 
r^resenting back and front views^ wiU be devoted to the second 
layer of muscles, with the corresponding vessels and nerves. 
And two others, also of the same size, will exhibit the third 
layer of muscles, with the bloodvessels, nerves, and lymphatics. 
And, lastly, two equally large will represent the skeleton in 
different aspects, together with the arteries which enter, and 
the veins and lymphatics which proceed from it. Each fascicu- 
lus will have, in addition, plates of the viscera contained in the 
three great cavities, in union with their arteries, vdns, and 
nerves. Copious explanations, with annotations, tending to es- 
tablish, on a certain basis, every anatomical fact, will be ap- 
pended ; and the facts most uniform and constant wjU be no- 
ticed. Outline drawings, for the explanation of the plates^ will 
be attached; and, besides letters of reference placed on the re- 
spective parts, the denomination most in use by others will be 
^bjoined. — Some of the designs for this work were executed 
under the author'*s inspection by Giro Santi, by whom the 
plates of the work on the Lymphatic System had been drawn 
and engraved ; others by Guerrini and Santorini, artists of the 
greatest ability ; and the engravings are by Carlo Lasinio, and 
othier distinguished artists. The work was entirely finislied be- 
fore the death of its illustnous author, and is now to be pub^ 
lished by his heirs. The conduct of the publication is entrusted 
to Signior Antommarchi, a distinguished pupil of the author, 
and afterwards his successor in the chair of anatomy in Florence. 
This great work will be published by subscription. The price to 
subscribers will.be 65 zecchini (about 10s. 6d. each) of Florence 
yithvhe plates /72a^n, and 85 for those coloured. Non-subscribers 
wiU pay 70 z^chini for the work in black, and 90 for it coloured. 
We have been assured by an intelligent gentleman, who has 
teesi the work, <* ^^oloured copies are greatly preferable to 

the likuih in pq: bss,— a circumstanoe of the great- 

est consequenc "vy complicated a nature. This 

work is preced nus, ¥fritten in Italian, and to 

lie afterwards L-atin, tlje cfcject.of which, is, 
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III exatmnation of all the elements of the parts wbidi ooQsfK 
tute the human body. It contains microscopioal discoveried ini 
the structure of these parts, whidi wUl lead to new views in 
l^ysiology and pathology ; and is illustrated by 92 plates, somd 
of which present also demonstrations of the absorbent vessels 4>f 
vegetables. This work has already reai^ed this country. It is 
printed in folio, and both the typography and engraving are 
very finely executed. It was published by Marenigh of Flo- 
rence. Its price is nine zecchini. Some time before his deaths 
Mascagni published also an anatomical work font die use -of ar- 
tists. It is entitled, ^* Anatomia per uso degli Studioa di 
Pittura e di Scultura.^ It may be had of Marenigh of FlcMrence. 
The price is 90 paoli with the plates plain, and 100 with the 
{dates coloured. This work is said to be most correctly and 
beautiftiUy executed. Each fasciculus will cost about 45^ 
francs, but to non-subscribers the price will be raised one-third. 
Application for the work may be made at Padua, to the Di- 
recteur de ITmprimerie du Seminaire, and at Milan to Cark) 
Brizzolaza, Corsia dei Servi. 

. Dr Foli of Naples is employed on a second edition of his 
tnagnificent work, entitled, ^^ Testacea utriusque Sicilise.^ The 
first edition conasted of 2 volumes folio. The new one will com- 
prise 8 volumes. 

^ Dr Mauro Rusconi of Pavia, who published, in 1817, a 
dissertation, entitled ^^ Descrizione Anatomica degli organi del- 
la drcolazione delle Larve delle Salamandre Aquatiche,^ illus- 
trated by excellent designs, has lately, in conjunctiou with Prob 
fessor Configliachi, the successor to the chair of Volta, finished 
a work on the Natural History and Anatomy of the Proteus 
Anguineus, at present but imperfectly known. The history of 
the animal is given by Professor Configliachi, who has enjoyed 
the best opportunities of studying its habit3, &c. ; and its anata* 
my by Rusconi, the favourite pupil of Scarpa, who not only ex^. 
eels as an expert anatomist, but delineates ably as an artist 
The engravings will be executed by the artist who so admirably 
performed that duty for Scarpa, in his work on Aneurism* It 
is on its way to this country. 

In comparative anatomy, a splendid work is publishing at 
Fadua^ by Dr E. A. Renier, Professor of ^al>]A«^J^\&Vsr}\sL^^ 
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Imperial and Koyal University of that city. Fot the last thirty 
years, he has devoted himself to researclies on the living aiumaJs 
of the Adriatic Sea. He has observed them in all states and 
seasoDs, and anatomised them with the greatest care ; and by 
these means has succeeded in discovering many new beings, ao^ 
been able to rectify, in many particulars, what has been wriQii 
on those previously known. More than 100 designs of anim 
with their anatomy coloured according to nature, are t 
finished. Most of these have been executed by the Proles 
himself, and the remainder by able artists under his inspccde 
These designs have been engraved with the utmost care, by a 
tists of the greatest reputation. The title of the work i\ 
eervazioni sopra alcuni onimoli delt^ Adriatico, i'atte dal dott. S 
fano Andrea llenier, Professore," SiC. The printing of \ 
above work will be conducted under the eye of the author j 
the Italian and Latin languages, placed in opposite colui 
in folio. The types have been cast expressly for the 
Tlie plates also will be in t'oho, and on fine paper: those! 
outline, for reference, in bUick ; and those 'of the figure 
•natural colours. The work will be published in numbers, 1 
subscription. Each number will contain six plates of colouj 
figures; six other plates in ouUine, black; and about 1 
sheets of printing. The first number or fasciculus was announ- 
ced for publication in March 1816, and the others were to fol- 
low at intervals of three months. 

84. On the Proteus. — This remarkable animal, which 
been hitherto found only in lakes in the limestone caves of 
niola, has been particularly examined by an able Italian natu- 
ralist, Rusconi. He confirms the observation of Schrabers in 
demonstrating the existence of organs of generation, which 
proves tliat it is not a lar\'a of any of the amphibia, as had 
conjectured by some naturalists. The part which Cuviet 
Ecnbes as the lungs, he ma! nt^s baa neither pulmonary 
nes Dor v^ns ; hence cannot be considered as true lungs ; andl 
finds that the respiration is jierformed by means of g^s. 
short, Rusconi is of opinion, tliat the Proteus is a perfect 
tile, diifering from all other reptiles, in not having, hke thei 
ample respiration, but resenabling fishes, in respiring by mi 
of branchiae or gills. 
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S6. New Fossil Species of Glutton. — The limestone caves of 
QaiJenreuUi in Germany, have been long famous on account of 
the remains of unknown animals which they contain. Esper, 
Roeenmuller, Blumenbach, and Cuvier, have published accoonta 
of these caves and their contents. Three-fourths of the bones 
found enveloped in the calcareous tuffa, and earthy matter, be- 
long to two species of bear, viz. Ursus spehens and arctoidevg ; 
one-half or two-thirds of the remaining fourth belong to a spe- 
cies of Hyana. A very small number of these remains belongs 
to a species of the genus Xiatt, or tiger ; and another to animals 
of the dog or wdf kinds ; and, lastly, the smallest portion be- 
longs to different species of small carnivorous animals, as the 
fox and the polecat. Very lately a German naturalist, Dr Au- 
gust GoldfuBS, has detected another unknown species of bear, 
which he names Utsus priscus, and a skull and other parts of a 
quadruped very nearly allied to the Mnstela gulo or glutton. 
An account and figures of the skull have been published in the 
Nceua Acta of the Academite Csesarea; Leopoldino CarcJinK 
Naturee Curiosorum, vol. ix. 1818. 

We intend, in an early number, to lay before our readers an 
account of the quadrupeds and birds which have disappeared 
from this country, and now cither live in other countries, or are 
extinct. 

26. Occurrence of the Sea-Horae (Walrus or Morse, Triche- 
cus rosmarus, Lin.) in the Hebrides. — Mr W. Macgillivray has 
communicated to us a notice in regard to the occurrence of the 
Walrus in this country. He says^ that in the end of December 
1817, a large unknowii marine animal was seen near the mouth 
of Loch Seaforth, an arm of tiie sea which separates the islands of 
Lewis and Harris. A few days afler, it was discovered by some 
of the inhabitants, lying upon a small rock at the Sound of Stock- 
ness, on the east coast of Harris. One of them, an expert 
marksman, prevailed upon the rest to venture out with a boat, 
in order to attack it. He landed upon another small rock neir 
that on which the animal was reposing, and taking a deliberate 
aim, discharged hia musket at it. The animal immediately 
plunged into the sea, to appearance unhurt ; but keeping its 
head and part of the body above water, presented an opportu- 
nity of lodgiug two other shots, the last of' which, pas^g 
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'^KHi^ 4» chest, proved fata)^ ^ It was then ^m(]b^5% .fixing 
a rope to its tudc% and dragged aEshere nfUr the boat Ifr 
^Mac^lliyray hasi^ied to the spot, aqd oaiMiiIly examined the 
faBmaii: wh^ ][M^ved to b^ the Seahorse ar Morse. It was 
upw^S of ten feet in length; and Xwi> barrels of blubber 
were obtained froln it. The -tasks, aqw' in (he ^ossesaoo of 
Mr Macleod of Harris, in0iisviii& ^ght inches and a half in 
length* Thie inhabitants (kmodered it .as a supematurd be- 
ing, adapting to it the ideas which they usually associate with 
the j^o^AC^Jidsgf (Water-Horse) an ima^naiy entity, and the 
^S^ikh Uisg, an animal supposed, and asserted by people in 
•other matt^^ not unworthy of credit, to have been seen oa ae- 
.vetsk lakes in Harris and Lewis, particularly in Ldpfa.Lite- 
guad, which is about twelve miles in length. The largest and 
^most perfect specimen of the sea-horse in any eoUectioii in Eu- 
rope, is that in the College Museum in Edinburgh, which was 
presented to Professor Jameson by Captain Scoresby. 

27. Iidestinal Worms. — Intestinal worms, although they may 
appear to the superficial observer as objects of little consequence 
in the grand scale of being, afford to the naturalist a most inte- 
resting field of observation. Their wonderful distributicm lii 
lhe most secret parts of- the animal frame; -their remaikabfe 
structiu-e and economy : their apparent equivocal generation ; 
tkdr connection and relations with some internal, and many; ex- 
ternal affections of the ainmal system ; and their occurriji^ ip 
and characterising the different species pf animals, &om man 
downwards, prove the important rank they hold in natural his- 
tDry and in medidne. Their history and economy were. stujdicKl 
by the great Haller ; and our late illustrious Monro, one of the 
most distinguished phyacians Europe ever produced, considar- 
^ them as objects of the highest interest and.curiority. Ru- 
doljAi, the celebrated Professor of Anatomy in Berlin, so well 
known to all the anatomists and naturalists of Europe, has, by 
the publication of his classical work on the intestinal verm^ 
whidi abounds in new facts and observations, increased in an 
eminent degree his already high reputation. And very late- 
ly Bremser, also a German naturalist, in his work, " Ueber^le- 
bende Wurmer im lebenden Menschen,*" has, by his investi- 
gations, descriptions, and ingenious views, still moire increas- 



ed the interest, of this very curious and importaot branch 
of natural science. Knowing what has just been ststed, we 
were exceedingly surprised to meet with the following abr 
surd and impertinent remarks in a book of Travels just pub- 
lished, and that too in Edinburgh : ^^ Museums, galleries of 
pictures, learned societies, and vai'ious collections of things that 
are not useful, abound in Berlin, One collection which deserves 
to be mentioned, from the evidence it affords of what learned 
triflers can employ themselves with, is a collection, in high preser- 
vation, of those worms which are sometimes found in the bowels 
of the human body," and whose existence there constitutes a par- 
ticular disease. A Professor Rudolph! is the collector. A si- 
milar collection exists in Vienna, whose collector is not only 
thought to be a man of industry, but of talent These gentle- 
men must very much need a decent occupation. To bestow 
professonslups on them, and to honour them, seems to me like 
the vain worship of an idol. There is but one step lower in 
which learned uselessness can go in its filthy researches.*^ 

28. WIAit SwaMow. — Dr Traill of Liverpool communi- 
cates to us the following fact — ^^ On 2Sd August 1819> I 
found in the nest of the Hirundo rustica, at Greenbank, near 
this town, a perfectly white swallow, fully fledged. The nest 
contiuned another young bird of the usual colour. The 
plumage of the former was pure snow-white, with a gloss 
like sattin on the head, neck, wing-coverts and back. The 
animal was a perfect albino^ having red eyes, pale reddish 
beak and 1^. On replacing it in the nest, it speedily fled 
away, but was instantly attacked by fifty or sixty common swal- 
lows, that appeared to peck at and buffet it so cruelly, that it 
took refuge in a tree, from which it was not easily raised. On 
again essaying its wings, its persecutors assembled round it in 
great numbers, accompanying it until distance concealed it from 
our sight A few days afler^ it was shot near its former habi- 
tation, and both it and its brother swallow are now in my pos- 



session.^ 
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29. Primitive form of Vegetable Cells. — ^Kieser in a memoir 
f^ On the original and peculiar form of the cells of plants,^ 
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published in the Nova Acta Physico-inediea Aoad. Caesar. 
Leopcdd. Ci£rolin. Nat. Curios, t. 9.9 maintains, that the original 
or primitive form of the v^etable cells, is the rhmnbdidal dode- 
cahedron. 

SO. Magnificent Flower, — M. Decandolle lately mentioned to 
one of our correspondents, that a most magnificent and very an- 
gular flower had been discovered in the Island of Borneo, by the 
botanist who accompanied Sir Stamford Raffles to that island, 
after the cession of Java to the Dutch, The flower seems to rise 
immediately out of the ground, without stem, and without dew- 
ing leaves at the time of flowering. The flower, when expanded, 
is described as being iiilly a metre (more than a yard) in dr. 
cumference, and in form somewhat similar to a ^gantic Sta- 
pelia. It is of a red colour, beautifully veined with white. 
The unexpanded flower was compared to a lai^ cabbage. 
We have heard that specimens of this curious production are 
in the possession of Dr Horsfield in London, and we shall 
doubtless soon be favoured with a correct description of it 

31. Uses qfConfervce in the economy of Nature. — This tribe 
of plants, one of the most simple in the vegetable kingdom, is 
very generally and abundantly distributed. When they grow 
in water, its putrefaction is said to be prevented, but they are 
principally important in the economy of nature, in forming by 
their decomposition, the first and earliest spil ; and it is worthy 
of remark, that th^ bottom of the sea is gradually raised by a 
species of this tribe, named Conferva chthonoplastes. This re- 
markable conferva was first discovered by a Datiish naturalist, 
who has figured it in No. 1485 of Flora Danica. Its closely 
aggregated fibres forrii slimy and variously coloured beds, with 
which the bottom of the sea is covered, and its level raised ; 
and by its abundant spreading over rocks on sea-coasts^ af- 
fords places of residence to other marine producticHis. The 
same is observed in springs, rivers and canals. Inhere the soil, 
formed of confervae, affords nourishment to the more perfect 
water-plants. Confervae contribute in an eminent degree to the 
formation of peat, and probably serve as food to many water 
insects, and even to frogs and fishes. 

82. Dr Theodore Frid, Lud. Nies on the growth ofMusd.'^ 
Dr Theodore Nies, brother of the well known Nies of Esen- 
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beck, publistied in the year 1818 a Thesis, entitled, " De 
MuscoriiDi propagatione commeiitatio." In this curious tract, 
tbe author traces several of the mosses from their first appear- 
ance through tlieir various stages of growth to llieir perfect *, 
state. In thdr first stage, they appear as a greenish orga- 
nised slime or jelly, with disseminated globules ; next, in a 
fibrous form ; and, lastly, as perfect mosses. Many of the 
Confervse, as C. frigida and castanea, and Ulvas, as U, ru- 
pestria, appear to be musci in their imperfect state, These 
observati<His are of the same general import with those of Mr 
Drummond, mentioned in this Journal, vol. ii. p. 192. It may 
be added, that some of the Lichens, l»efqre they att^a thdr 
st^£ of maturity, pass through the conferva form. 

33. Abstract of the general remits tokkh Jbrm tlie Bams t^ 
GaEe^s '* Theory o^ (Ae reproditciian of VegetabUs.^'^-Gai^ 
le^o, an eminent Itahan luianist, native of Genoa, published 
at Paris, in the year 1811, a Treatise on the Citrus, (Traits du 
CUrus, par George GnUesio) ,- and, in the year 1816, at Pisa, 
a curious work entitled Teoria della ReproduzUme Fegetale *. 
Of these two works, which we believe are yet scarcely known in 
Sngland, the latter may be con^dered as little more than an 
extension, and a translation into liis native language, of the 
doctrines founded upon the experimenls and observaUons caa- 
tmaed m the former work. Galley's researches among the 
luxuriant gardens which line the beautiful sliores of Ligurio, 
have been extensive and multiplied. The following is an ab- 
stract of the general results which form the basis of his Teoria 
della Repoduzioiie Vegetale, and which it may be interesting 
to compare with those obtained by the researches of Knight, 
and other observers in our own country. 1. Nature has 
created genera. These form so many famihes, distinguish- 
ed from each otlier by particular characters. 2. Nature has 
created species. These fonn so many branches of these fa' 
mihes, to which they appertain by common characters. 3, 
The mixture of these species by sexual union, gives ri?e to 

■ Gallesio !n now engEigcd in an extensile and imiKirtant work, the Pomona 
/(aiiano, of which two or three nnmbers have already been pubiiahed, in a Style 
highly cndltablo to ifac Italian prcsG. 
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Hybrids. 4. The mixture and disproportion of the prind^$ 
of reproduction of different individuals of the same species, 
give origin to races or varieties. 5. The forced action of one 
principle upon another in fecundation, when the elements of 
these principles belonging to different races have already un- 
dergone changes of organization, gives rise to monsters. 6. Hy- 
brids, varieties and monsters, are therefore due to the seed only, 
T. The seed equally gives origin to the domestic and wUd va- 
rieties. 8. Culture has destined the first of these to provide 
grafts, the second to bear them. 9. Grafts or sets only can per- 
petuate these varieties in their natural state. 10. The seeds of 
these varieties are themselves, however, subject to the influence 
of fecundation, and capable of producing new varieties, either 
better or worse m kind. These afford types,^ when the fecun- 
dation takes [dace naturally. 11. Monsters are individuals, the 
.organizatiom of whidi has undergone a change in the process of 
fecundation. 1^. If this change takes place in- the- ovary ^ the 
monstrosity is in the fruit which results from it, and perishes with 
it . IB. The monster is regularly sterile, or semi^erUe ; either 
by the nature of tlie flowers, which either have not sex, or have 
only the female organ, or too small a proportion of the male ;. or 
by the nature of the fruit, which is either enticely without seed> 
or which has only sterile or abortive seed, or too little seed 
Whence, it rarely happens that monsters can be multiplied by 
reproduction ; but eitjier grafting or sets are required for this^ 
purpose. 

84. Dr John on Potash in Vegetables, ^c, — In Professor 
John of Berlin's Prize Essay, published in Berlin in 1819, ** On 
the Origin of Alkali and other Salts in Vegetables,^ we find the 
following facts. 1. Uncombined potash does not occur in living 
vegetables, it being always combined with an acid, and is (mly 
found in them when they are in a state of putridity or dbcom- 
position. S[. Plants that feel rough and' sharp, particularly 
equisetij contain much siUceous earth ; in the latter fully 13 per 
centi S. Lichens that grow on the summits of fir trees, contain 
an uncommon proportion of oxide of iron, which, Dr John re- 
marks, may be viewed as illustrative of the formation of iron by 
the vegetable process. 4. Dr John recommends the use of de- 
caying and diseased wood to those who wish ta obtain pc^ sh 
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from it by burning, as he inaintMns that the quantity of potash 
is much increased by the putrefactive process. This remark is 
not new, for we find it mentioned in the second volume of Schre- 
her'sSammlunffversckiedenerSckrifien, pubhshedin 1763, that 
putrid wood was recommended for obt^ning aslies in preference to 
fresh wood. 5. Plants which were allowed to grow in a solution of 
natron, absorbed by their roots a coD^derable portion of the alkali; 
but none of thU appeared when the ashes of the plant were examin- 
ed : In place of it, appeared potash ; and hence it is conjectured 
that vegetables have the power of converting natron into potash. 

35. Cultivation of Tea in Brazil. — Mr Swrnnsffli informs us 
that it is not true, as is generally reported, that the Brazilian 
Government is making great exertions in introducing the tea-plant 
into Brazil. The fact is simply as follows : The late prime 
minister Arrugo brought a few Chinese to Braj;il, with the 
view of making the trial of rising tea in that country, but 
both the soil and climate were found to be unfavourable, and 
the plan was ininiediateiy abandont'd. The same inisrepresen- 
tatJon exists in regard to the culture of tlie clove and other 
oriental spices in Brazil. 

36. Effect of Hot Water in reviving Flowers. — In Thom- 
son's Annals of Philosophy, it is said, that if flowers which have 
been twenty-four hours out of water and are decayed, are plun- 
ged into hot water, that, as the water gradually cools, they be- 
come again quite fresh. This fact, while many discredit it, has 
been long familiar to those who live in the vicinity of hot springs, 
and who have remarked, that decayed flowers jjlunged into the 
waters of the s})rings become again fresh and beautifiiL 

37. New Fehrifvge Bark. — A new South American febri- 
fuge bark, from a slu:ub known to the Indians under the name 
Chinininha, and which Dr Joseph Pavon of Madrid, arranges 
in the vegetable syslem as a new genus, under the tide Unanuea 
febrifuga, has been lately employed in the hospitals in Madrid, 
in place of the cinchona or Peruvian bark, and with disdnguisb- 
ed success. According to the published re[)ort, the physicians 
have been enabled, by means of this new and ]X)werful remedy, 
to cut sliort fevers which did not yield to the cinchona. 
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38. Dr HoUand Ike Discoverer of N'alive Boracic JeidinA 
'CraUr of rofcano.— In the first volume of the Transactions of 

the Geological Society of London, we are informed by tJie late 
Mr Smithson Tennant, that on examining a set of minerals, si 
to have been brought from the Lipari Islands, he found 9 
of them encrusted with native boracic acid. This ( 
induced Dr Holland to search for this rare mineral in Vok; 
and we find, on consulting his interesdng book of travels, t 
he found it in attu in the crater of Volcano, so long ago as i 
summer of 18IS. He describes it as appearing in small s 
laminBB upon the surface of the sulphur, which has been a 
limed, and covers in various places the »des and bottom of d 
vast cavity. It is, therefore, not correct, as stated in oar li 
Number, that M. Lucas Jun. was the first who observed fl 
mineral in the Lipari Islands. 

39. Beudanfs Geological Observations itt Hungary.— ^ea- 
dant, an active, intelligent, axiA well instructed French geolti^isti 
has lately examined with great care and much accuracy, sevei 
of the most interesting districts in Hungary. His obser^'at" 
are now reading before the Royal Academy of Sciences ; and % 
are informed, that the following arc some of the statements to 
which he has directed the attention of that illustrious body. 
1. The existence of a great body of trachyte or volcanic p w- 
phyry, which sometimes passes into porphyries, bearing a 
resemblance to those associated with neptunian rocks. 2. 
occurrence of great tracts ni pearl-ttrmc and of obsidian, fom 
a part of the trachyte series. 3. The distribution of vast dcpo- 
Mtes of breccias and luffas around the trachyte hills, extending 
from them to a considerable distance into the flat countty^ 
These tuffas and breccias are formed by the decomponbt 
the trachyte rocks, and by the ejection of scoriae, pumice, R 
rinders, which probably accoin|)anied their formatioD. 
cont^n opal, hyalite, and opalised wood. 4. The distribution 
of beds of regenerated porphyry over the tuffas and breccias, 
and which contain the famous alu7n~sione ot Hungary. G. TJtj 
occurrence of a red sandstone formation, with included b 
pitcltstone. 6. The discovery of a chalk formation, aodj 
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parts of the Paris fonnatJon. The highly important and in- 
teresting geological travels of Beudant, will appear in June, 
and are to be illustrated by two large geognostical maps. 

40. Gerliard on the Chemical Jbrmalion of compact and gra- 
nular StratOy and of am^omerated Rocks, — Professor Jame- 
son, in various papers in the public Joiu'nals, and in the Me- 
moirs of tlie Wemeriaa Society, maintains the chemical tbr- 
mation of strata, whether compact, granular or conglomerated. 
This mode of formation is not peculiar to rocks of the primitive 
class, but extends to the transition and secondary classes, many 
of the members of which, whetlicr they appear in vast imbed- 
ed masses, like granite and porphyry, or in beds or veins. Pro- 
fessor Jameson considers as chemical and cotemporaneous in the 
formation. Gerhard, in the Memoirs of the Royal Academy 
of Berlin, for 1819, advocates the same opinion, and it has been 
extenavely employed by Dr Hibbert in his account of the Shet- 
land Islands, published in this Journal. We shall in our next 
number state Gerhard's views. 

41. Charpentier's Geognosy of the Pyrenees. — Charpentier 
the younger, an elev^ of the Wemerian school, who has already 
distinguished himself by his geognostical investigations, has in the 
p%ss a complete account of the geognosy of the Pyrenees. We 
are informed that this work is distinguished by its excellent ar- 
rangement, accurate description^ legitimate inferences, and 
the new and important facts with which it abounds. 

49. Nexo Membrane in ike Human Eye. — Dr Jacob of Dul)- 
iia has recently discovered a new membrane in the human eye, 
of the same nature as that which lines serous cavities, and co- 
vering the retina from the optic nerve to the ciliary processes. 
In the sheep, ox, and horse, or any other individual of the 
Class Mammalia, it presents the same character as in Man, but 
is not so much tinged by the black pigment. In tlie bird, it 
presents a rich yellow-brown tint In fishes, where it has 
already been incorrectly described by Haller and Cuvler as the 
medullary layer, it" is of a soft, friable, thick, gluey structure. 
Its inner surface is not tinged with black pigment, but presents 
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adear white^iiot umqidy oompared by Hall^ to snow. Dr Ja* 
cob^s method of examiiung these parts is very bgenious. He takes 
a hollow sphere of glasSy about two or diree. inches in diameter, 
about one-fourth of which is cut off at the part where it is open, 
and the edges are ground down, so as to fit accurately upon a 
{Mece of plate-glass, the surface of which is also ground. The 
olgect to be examined is attach^ to a piece of wax, fastened 
tipon the plate of glass, and immersed in a basin of water, with 
the cut sphere, which is inverted over it, of course full of water, 
and the whole withdrawn from the basin. In this way, the de- 
licate membrane floats in water, and may be unfolded and dis- 
played. Bythismethod, also, a preparation maybe handed round 
jEL class-room.— See PhU. Tram. 1819, part iL p. 300—307. 

48. Nearest approach to tJie North Pole, — In the year 1806, 
Mr Scoresby, when mate in his father^s ship^ the Resolution of 
Whitby, succeeded, after great efforts, and by exposure to im- 
minent hazard, in reaching the latitude 81^ 30^, within about 600 
miles of the Pole. This took place in lon^tude 19" East. The 
nearest iq)prQximation to the South Pole has been to the 7^ 
degree, about 1170 miles from the Pole.*— See Scoresby^s AC" 
comU of the Arctic Regums^ vol. L p. 312. 

44. Meihod of Blowing tip Ice, — As it is often of great im- 
portance to clear rivers and canals, &c. of ice, the following me- 
thod, which was first suggested and successfully put in practice 
by Mr John Merricks of Esk-Hill, wUl be found to be simple 
and easily executed. A hole having been dug in the ice with 
A chisel, and a piece of board placed across it, a tin-canister, 
containing a few ounces of gunpowder, and terminating up- 
wards in a tin tube, is suspended about two feet under the ice, 
and rests by a shoulder upon the piece of wood. The gun- 
powder being exploded by a match in the ordinary way, the 
ice will be blown up in all directions. In one trial, where the 
ice was 3^ inches thick, the ice was broken through a space 15 
yards long and 11 broad. Mr Merricks suggests that diis me- 
thod plight be of use in the Greenland Seas, when a vessel is 
frozen in ice. Mr Scoresby, to whom we communicated this 
idea, remarks, that he has^ seen a case, in which a vessel was 
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Crozea in a body of ice^ tiear an opening ^of waiery where this 
method might have been of great use. 

45. On the Prodtiction of PoUuik from Potaio StaJke.-^It 
was lately announced in the philosophical Journals, that in 
France potash had been obtained in great quantities from potato 
jstalks. In order to put this to the test of experiment, Sir Jchn 
Hay, Bart. And Dr M acCuUoch' made a trial on a large scale, 
and found that the quantity of potash was so small, that no 
person could be remunerated by it for the trouble of the pro- 
cess. Messrs Taylors of Queensferry, by desire of Sir John 
Hay, made an experiment on the produce of two acres of po- 
tato stalks, which yielded 2 casks of a^es, weighing 2 cwt 
^3 lb. which produced of soiuble substance only 86 lb. containing 
a great deal of nniriate df potash and sulphate of potash. The 
value of this produce was not more than Sd, per lb. or 6$. in 
^1 ; and on 12 acres of their own they had a similar result 

46. Spirits in Glass Jars closed with Bladder ^ Mode of tm* 
proving Wines. — ^Dr Sommering, in a curious set of experiments 
detailed in the Memoirs of the Munich Academy of Sciences, 
has proved, that if mixtures of spirit-of-wine and water in glass 
jars, are covered, some with bladder, and others with paper, that 
the aqueous ingredient escapes through the bladder and leaves a 
concentrated spirit ; while, on the contrary, it is the spiritous 
ingredient which passes through the paper, and leaves little else 
than water. It is proposed to fine and improve wines by expo- 
ising them in vessels covered with bladder or some similar sub- 
stance. In some experiments made with Cyprus wine, a sixth 
part escaped, and the wine was very much improved in quality. 
This mode of improving wines is practised in some parts of 
Suabia. 

47. Method of rendering Glass less Brittle, — ^A method has 
been published in the foreign journals, for rendering glass less 
brittle, by heating it in water up to the boiling ^point, and then 
allowing it to cool i^owly. In order to try this method, we took 
plates of unannealed glass, the mechanical condition of which 
was indicated by the tints which they exhibited in polarised 
light, and we found, that the mechanical condition ofgiUbss^ whe^ 
ther cmnealed or unamiealed, was not capable of being altered 
ly the heat ofboUing water. In choosing articles of glass^ the 
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atiy {XMfliUe method ef a teetf ai nh^ tlieir qtuflitjr, h by exa- 
mining them in pcdarised Bght, imd tejeetiiig thoiK thitt exhibit 
way fffmptoHis of impeffeol Annea]ing.-«j'SeiB Phil.Tran9. 1816. 

48. BimtbdUts Journey into India.-^'We are informed that 
the telebrated titiveller Hmnix)ldt is busily employed iii pre- 
[Muing fat the press an exten^Ve work on the geology of Asie- 
flca, and that he intends leaving France in autumn for Madras, 
fdkihg the route through Greece and Persia. He will be ac- 
companied by several fellow-travellers, as M. Valencienne, a 
yoiihg zoologbt, Kunth, his botanical assistant, and others. 

49. Brongniarfs Journey. — M. Brongniart^ the distinguish- 
ed French mineralogist, proposes to leave Paris in sfxing on a 
ax months geologic^d tour through Switzerland and Italy. 

60. University of Moscow. — ^Although the whole buildingis 
of the University of Moscow, with its splendid Hbrary and mu- 
seum, fell a sacrifice to the flames in 1SJ2, when Russia was ra- 
vaged by the French army, yet, through the activity of the 
Goveamment, aided by the munificence of the Emperor Alexan- 
der, the whole has been rebuilt. The Museum of Natural His- 
tory is already very extensive ; and the Emperor has purchased 
for £ 6000 the famous anatomical collection of the celebrated 
Loder, formerly Professor of Anatomy at Jena, but now called 
to Moscow. Dr G. F. Hofiinann, the well known botanist, and 
formerly Professor of Botany at Gottingen, has accepted the li- 
beral cffers of the Emperor, and is now Professor of Botany, 
and Superintendant of the Botanical Garden at Moscow. The 
natural History department is under the direction of Dr F. 
t'ischer, a distinguished natm-alist, and well known to the scien- 
tific world by his numerous works in different branches of na- 
tural history. 

51. Birds of Paradise. — Temminik, the celebrated Dutch or- 
nithologist, is about to send a naturalist to the Indian Islands, 
Ht his own expence, whose principal object will be the investiga- 
tion of the natural history and physical distribution of the 
Birds of Paradise. adisea of Linnaeus. 

52. Translatk i Ovid into the Rtissidfi Lan~ 
guage.-^At the 1 ng of the Imperial Academy 
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of Sciences of Petersburg!!, M. Sokolow presented a part of his 
translation into Russian of Livy ; Mr Schukowaky, a fragment 
of his Russian translation of Ovid ; and M. Von Eanun^, the 
ninth port of his History of the Russian Empire. 

S3. Jameson's Elementayy Work on Geognoti/. — This work, 
we understand, will be published early in the ensuing summer. 
B4i. Wemerian Memoirs. — The third volume of the Me- 
moirs of the Wemerian Natural History Society will probably 
appear next month. 

SB. Edinburgh Transacliotts.—^he first part of vol, IX. 
of the Transactions of the Boyal Society of Edinbur^ will be 
published in a few weeks. 

5S. Gr'iffitKa Geologkai Survn/s in Ireland. — We have late- 
ly seen Mr Griffith's Survey of the Connauglit coal district, but 
delay speaking of it, until we have an opportunity of procuring- 
Mr Griffith's other mineralogical writings, and those also of 
Weaver, when we shall give an account of the labours of these 
gentWien, and of the present state of Geology in Ireland, 

67. Mr Watt and M. Prony. — We have observed, witli deep 
regret, an article in the Phil. Mag. containing the most unjust 
aspersions on the character of M Prony, "m relation to his writ- 
ings respecting the steam-engine. Discussions of this kind we 
have a particular wish to avoid ; but it is only because we pos- 
sess particular information on the subject in question, that we 
feel it a duty to rescue a distinguished name from calumnies, 
which do more discredit to the country in which they are tole- 
rated, than to the person whom they are intended to injure. 
During the last ten years of Mr Watt's life, the writer of this 
notice enjoyed many opportunities of conversing with him re- 
specting the history of the steam-engine ; and he can confident- 
ly state, that Mr Watt considered M. Prony as having com- 
mitted only a trifling mistake, in stating that Mr Watt's invention, 
called the PuroZ/e^ ..VofioM, originated in Suardi^s pen. When 
the writer of this notice went to Paris, in 1814, he received 
Mr Watt a letter of introduction to M. Prony, whom Mr 
considered as one of his most sincere and valuable friend; 
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Aet. XXXV.— -ZrM cf Patents granted in Scotland since lOih 
' December 1S19. 

2ft X O Feakcis Pox the younger, of Derby, in the county of 
Derby, Doctor in physic, for his. invention of " a new or im- 
proved method of facilitating the discharge of fire-arms and ar- 
tiDery of every descripticm.'" Sealed at Edinburgh 15th De- 
cember 1819. 

1. To James Dickson, lapidary, Gilroore Place^ Edinburgh, 
for his invention of ^^ an improvement or improvements in oom- 
miHiicating power to machinery by water, spirits-o£-wine, quick- 
ffllver, oil, or fluids, which improvement or improvements are ap-. 
plicable to other purposes.^ Sealed at Edinbiu-gh 15th January 
1820. 

2. To Louis Fauche Borel of the Haymrftket, in the pa- 
rish of St Martin in the Fields, gentleman, in consequence of a 
communication from certain foreigners residing abroad, for an 
invention called ^^ The moveable and inodorous conveni^oces.^ 
Sealed at Edinburgh 9th February 1820. . 
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Abmq^ion of Polarised Lights S41. 

^cti, Boracic, found in the crater of Volcano, 186, 39o- 

Alabasters^ antique, at Rome, 854. 

AlgcB, Lyngby's new arrangement of, 282. 

AucaU, new vegetable, 185. 

AUojf of lead and platinum, 186.— of tin and platinum, 186, 187- 

Alpnach, account of the celebrated slide of, 110. — destroyed, 113. 

Amber, on the optical properties and mechanical condition of, 332. 

Amicus catoptricid microscope, 135.— on the motion of aap in 

plants, 172, 
Anafysis, on the application of a new mode of, to Serieis, 23. 
Anatomy Comparative, works on, 385. 
Anderson, Mr, on a new atmometer, 64. 
Astronomical Society, 379- 

Atmometer, new one, invented by Mr Anderson, 64. 
Ava, account of a map of, 89, 262. 
Ayrshire Rose, Mr Neill on the, 102. 

B 

Bald, Mr R. on steam, and the sedim^it in the boilers of steam^ 
engines, 340. 

Baltic, charts of the, 199- 

Beaufijy, Col. on the diurnal variation of the needle, 179> 373. 

Beche, M. de la, on the depth, &c. of the Lake of Geneva, 107* 

Beechjj, Lieut on the temperature of the Greenland seas, 36o. 

BeC'hxves, account of Mr Paxton's new method of uniting them, 133. 

BeaudarU's geological observations in Hungary, 396. 

Beryl, optical properties of, 342. 

Bidder, George, the wonderful calculating boy, 193. 

Birds, on the change of colour in their feathers, 271. — Spines on the 
winjD^ of, 190.— -Canary bird without feathers, I91. 

Boradc acid, native, found in Volcano, 186, S9Q. 

6oui, Dr A. on the volcanic rocks in France and Scotland, 326. 

Braoonnot on the formation of sugar from old linen, &c. 363.— on 
a new dye, 383.— on ulmine, 384. 

Brewster, Dr, on the optical properties of Tabasheer, 97 On 

mother-of-pearl, 114, and 118, note. — ^On the inflexion of light, 
151. — ^On the phosphorescence of fluor-spar, 171. — On circular 
polarisation, 179--70n the axes of crystak, 183, 184,380. — On 
the optical properties of amber, 332.— On the absorption of po^ 
larised light, 341. — On the mean temperature of ^e earth, 376. 

Buxbaumia aphylla, account of the, 377. 

Cadell, Mr, on the manufacture of mosaic, 348 On antique mar- 
bles, S50. 
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Cadmmm difloovered in Derbyshire, S84. 

Calcareous S^, effect of heat up<m i%, 34& 

Canary Birdwiibpat fetAen, 191. 

Ceref, elements of its orbit, 182. 

CharU, method of laying down a ship's track oi^ 27T* 

Ckronomders, their great use at sea, 281. 

J, Mr, on coal-gas, 384. * 

1^, meUiod of measuring the hdght of, 288. 

-bank, on the discovery of the Shetland one> 138. 

Cohuring matter of crystals, on the, 546. 

Comet of 1819, Bouvard's observations on it, 182.— •Transp^ffencj 

of 379* A new one discovered in November, 379. 
Conferva, uses of, 392. 

Cand, mistaken for plants impregnated widi carbonate of lime, 198. 
Corundum, quarry of, in SingrauL, 305. 

CurrerU off the Cape of Good Hope^ 279—- Submarine current at 
the Straits of Gibraltar, 358. 

D 

Davy, Sir H. on mists, 185. 

Dijferential Thermometer, 383. 

DoMe Refraction qfUghi, discoveries respecting it, I67. 

Drummond, Mr, on the germination of the musd, 192. 

Dye, new mineral, 383. 



Earthquake at Lisbon, 195. — in Csvolina, 300. 

Eels, electrical, mode of catching them by wild horses, 242* 

Elba, mineralogy of, 177» 

Elephanta, cave of, 188. 

Engraving, on a new style of, on copper, 19. 

Expedition fiwm Hudson's Bay to the Arctic Ocean, 195. 

F 

Feaifiers of birds, on their change of colour, 271. 

Ferpison, Or, on the marsh poison, 375. 

Fihppo, St, account of a visit to, 290. — account o£ the baths at, 29S«-^ 

method of making stone-medallions at, 297. 
Fisheries, Scottish, Mr Stevenson's account of them in I8I9, 1S9» 
Fishes, electrical, 245. 
Fleming, Dr, on the Sertularia gelatinosa of PaUas, 82.— Hm the 

ges of colour in the feathers of birds, 271* 
Flower, a singular one in Borneo, 392. 
Fluor-spar, nhosphoresc^ice o^ 171* 
Fresnd, M. nis msoovenea respecting the inflexion of li^b^ 150. 

G 

Oalhraith, Mr, on a table for correcting the sun's altitude, 31& 

Gallesio's theory ^ ' rnducdoa of vegetables, SQS. 

Gas btorppipe, im t, 186. 

Gases, illuminati 

Gems, method oi is from them in aheU-lac, 194* 

Geneva, Lake of, temperature of, 107* 

Gerhard on the f , 397. 
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Gi^, Dr, on the trap and clay-skte in Brecknockshire, t5S. 

GUus tnan straw, 19^ 

GluUoH, new fossil speciee of, SSQ. 

G<»<ion, Mr, Rev. on a meteorological journal for 1819, • 

Gaodtvifn, Mr, on a universal method of calculating interest, 865. 

Gotse, Dr, account of his visit to St Filippo, 9,^. 

Greenland Sea, colour of, 10. — ^temperature of, 359. 

Granites, antique, at Rome, 355. , 

Grass, siliceous, new, 192. ' ' ,' 

H 
Hall, C^tain Basil, on a methcHl of laying down a ship's tr»dt,2T7. 
HamiiUm, Dr Francis, on a map of Ava, S9, 262.— on tlie quarry 
. of corundum in Singraula, 30*. 
Hare, Tarying, 191. 

Heat, efiect of, on tile colouring matter of crystals, S¥i. 
Herachel, Mr, on the application of a new mode of analysis to aeties, 

23. — on mother-of-peu'l, 117. — on the hyposulphurous add, 154. 
Hibberl, Dr, on the rocks of Shetland, 67. 224^— cm the Shetland 

cod-bank, 138. 
HoUaiid, Dr, discovers boracic add in the crater of VcJcana, S42. 
Hot-springs, account of rocks formed by, 307- 
Hamooldl on electrical eels, 242. 

Huygens, Christian, his discoveries on double refraction, 167. 
Hygrometer, new one, 67. 

I^jtosulvhite of soda and silver, refractive power of, 184, 
HyposulphuToas acid, \5i. 

IJ 

Jacob, Dr, on a new membrane in the Luman eye, 398. 

Jameson, Professor, his observations on Menge's journey in Iceland, 
166. — his new system of mineralogy, I89. — his account of rocks 
formed by hot-springs, 307. — by torrents of hot-water, 311. — by 
torrents of mud, 312. — on the moulting of birds, 378.^^)n tile 
junction of quartz-rock and limestone, 378. — his system of geog- 
nosy, 401. 

Ice, method of blowing it up, 398' 

Icebergs of Spitabergen, 217- 

Iceland, account of Menge's journey through it in I8I9, 156, 

Inflexion of light, Presnel's discoveries respecting it, 150, 

Interest, universal method of calculating it, 365. ^. 

JiAn, Dr, on potash in vegetables, 394. 

Jumt, elements of its orbit, 183. 



Kaler, Captain, his experiments on the Length of tte Pendu- 
lum, 319.— *n the Figure of the Earth, 3S2, 



Linen, on Sugar from, 363. 

Lizars, Mr W., on a new style of engraving on 

Li^aritkms, proportional, &c. Table ot^ 96. 

Lyn^^s new arrangement of the Algoe, 282. 
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M 

MaccuUock, Dr, on peat, 40, 201. 

Mackenzie, Sir G. on Menge's Journey in Iceland, 249-^dn Soun^ 

S74. * 
Malaria, on the Nature a£, 374 
Marcet, Dr, on the specific gravity of Sea^Water, 356.— Km the 

Composition of sea-waters, 361. . 
Marsh Poison, on the nature of, 375' 
Marbles antique, history of, 350. 
Mean Temperature of the year, 38S. 

Medallions, method of forming them by calcareous springs, 297. 
Meionite, optical properties of, 301. 
Membrane, new one in the human eye, 397. 
Menge, M. his account of a Journey through East Iceland, 156i—- 

observations on it by Sir George Mackenzie, 249. 
Meteorological Journal for 1819, 369* 
Micrometers, account of Mr Watt's new ones 121 
Microscope catoptrical, account of Amici's, 135. 
Mineralogical account of Elba, 177. 
Minerals of Minas Geraes in Brazil, 189. 
Minerals, on the colour of, I94, S4A. 
Mists, theory of^ 185. 

Mollusca, marine and river, in Livonia, I90. 
Montreal, storm at, 384. 
Morton's patent slip, account of, 125. 
Mosaic, manufacture of at Rome, 348. 
Mother-qf-Pearl, Mr Herschel's observations upon, 114, 
Musci, germination of, I92. — on the growth of, 392. 

N 

NM, Mr, on the Ayrshire rose, 102. 

Nickel, new ore of, 385. 

Nitrate rfLead, refractive power of, 184. 

O 

ObUquHy of the ecliptic, 378. 
Obsidian, effect of heat on, I95. 

P 

Pallas, elements of its orbit, 183. 

Paper, on sugar from, S6S, 

Patella distorta of Montagu, I90. 

Patents, list of Scottish, 199, 402. 

Passage-Boat of malleable iron, 222. 

Paxton, Rev, Mr, on a new method of uniting bee-hives, 133. 

Peat, on the oriflrin p- -1 formation of, 40.— mountain peat, 4^— 
marsh ditto, -^^tto, 43— forest ditto, 47.— time rcquir* 

ed for prodi —chemical properties of 201.— pro- 

bable conver coal, 214. 

Pendulum, Capi iments m the length Of, 8I9. 

Perspective mac 5g, 

Petalite, optical ), 

PAospkorescenci 
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Phosphoric acid in vegetables^ 382. 

Pinna Marina, silk of, 191» . . . ^^- 

Polarisation of light, history of discoveries respecting it, 167- 

■ circular, 179- ^ 

Pole, North, nearest approach to, 398. 

Poppy-oil, me^od of manufacturing, 15. 

Porphyry, columns at Rome, 355. 

Potash, from potato-stalks, 399.— in vegetables, 394.— in sea^wa* 

ter, 325. 
Proportional Logarithms, table of, 9^. 
Protetis, account of the, 388. 
Purpuric-acid, 187. 
Pyrenees, geognosy of, 397* 

R 

Rain, Red at Blaiikenberg, 381.— black at Montreal, ib- 

Repeating circles, on the error 6f, 183. 

Ripples, remarkable >ones in the Straits of Malacca, 7- 

Robison, Mr, on a malleable-iron passage-boat, 222. 

Rose, Ayrshire, Mr Neill on the, 102. 

Royal Society of Edinburgh, proceedings of, 179* 373. 

S 

Salt, annual quantity of, raised in Europe, I90. 

S'aussure, M. de, on the decomposition of Starch, 382^ 

Sap in plants, Amici's discoveries respecting it, 135. 

Sawings of wood, on sugar from, 363. 

Sea-aiater, specific gravity of, 257. 

Sea, Greenland, temperature of, 359- — Colour ofi 10. 

Scoresby, Mr. on the colour of the Greenland Sea, 10.*— K>n the ano^ 
maly in the variation of the needle, 184. — on the fixed icebergs of 
Spitzbergen, 217. — on a method of measuring the heights of mS», 
288.— on the temperature of the Arctic Seas, 360. 

Sea-charts, 277. 

Sea-horse found in the Hebrides, 389. 

Sea-water, potash io^ 325. 

Sepia colour from peat, I90. 

Sertularia gelatinosa of Pallas, observations on, 82* 

Shetland, account of the rocks of, 67. 

Silk of the pinna marina, I9I. 

Simia, new species of, 181. 

Singraula, quarry of corundum in, 305. 

Slide ofAlpnach, account of, 110.— notice of its destruction, 115. 

Slip, Mr Morton's, for hauling vessels out of the water, 125r 

Snow in Rome, 382. 

Society of Arts in Edinburgh, 193* 

Solar eclipse in 1820, 379, 

Sound, on the nature of, 374. 

Spines on the wings of birds, I90. 

Spitzbergen, seven icebergs o^ 217. 

Springs, cold, account ofrocks formed by, SO7. 

Starch, experiments on the decomposition of, 382. 

Steam-engine, history of Mr Watt's improv^nent on, 1. 
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Steamrboats, an the application of oars to, S3, — one arrives from Ame- 
rica at Liverpool^ 197* — their use in distsuit voy^es^ ib. 
Steam, on the production o^ $40. 
Steam-engMs, sediment in die boilers of^ 340. 
Sievauon, Mr R., on the Scottish fisheries in 1819^ 1S9- 
Stewart, Mr John> on the buxhaumia aphjlla, 377* 
Straw melts into fflass^ 194. 
Sun's atitaide, table £ar correcting it> 316. 
Subterranean lakes, bursting of^ 307- 
Swallow, white^ 391* 
Sympiesometer, utility of^ in indicating storms^ I96. 

T 

Tabasheer, on the optical properties of^ 97- 

Table of proportional logarithms^ 96. — ^for correcting the sun's alti« 

tude^ 318.— HueteoroloKical^ for 1819> 371. — of the x^mposition of 

different sea-waters^ 3o2. 
Tartt, Mr, on the earthquakes of South Carolina^ 300. 
Tea, cultivation of, in Brazil^ SQ5> 
Temperature, mean^ of the earthy 376. 
Thermometers, economical scales for^ 187' 
Titanitic iron-ore, I90. 
Topaz, ffeognostical situation of, 1^9* 
Tournumnes, American, 188. 

Traill, Dr, on a new species of Sunia, 1 81 .— nm of a white swallow^ 391^ 
Trap and day-slate formaition in Brecknockshire, 253, 

UV 

Fariation of the needle, 179* 

■ ' --^ — of the needle, diurnal^ 373- 

Vegetable cells, primitive form o^ 

Umine, artificiiu, 384. 

Vdcanic rooks in France and Scotland, 326, 

W 

Wait, Mr James, his improvements on the steam-engine, 1.— on new 

crometers, 121.— on a new perspective machme, 25g. 
Weather, sic^^ar state of, in January 1520, iSS5. 
Wemerian Society, proceedings of, 181. and 877- ^ 

Whytock, Mr, on the application of oars to steam-^baats, 33. ^ 
Wine from the arbutus unedo, I99. , 
WoUaston, Dr, discovers potash in sea-water, 325, 
Worms, intestinal, 390. 

Y 

Young, Mr John, on the manufacture of poppy oil, 14. 

Z 

Zach, Baron, on the errors of repeating circles, 183. 
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